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[Be oyl XXMBYT BO MHe 1 06e He B nagax apyr ¢ agpyrom. Méte «PAYCT»
Bbicwas uenb rpagocTponTens — MOMoYb ropoay 6biTb camum co6oii.  A. M'yTHOB, B. Mnasunues
HEKOTOPbIE OCOBEHHOCTU YCUJIEHUNA TNMOBPEXAEHHbBIX
OBYXBbAPYCHbIX MOAINMOPHbBIX CTEH C YYETOM PABOTbI TPYHTOBOIO
OCHOBAHWNA
FTMIrMHEALLIBUNW A.9., K.T.H., goktop PhD., 000 «[MPOIPECW»; r. T6unucu, Mpysus
MALABEPUAZE T., OO0 «MPOIPECW»; r. Téunucw, I'pysns
TKAYEHKO T.H., K.6.H., gou,. KneBcKoro HaumMoHanbHOro YyHMBepcuTeTa CTpOUTEIbCTBA U
apxXuTeKTypsbl, I. Knes, YKpavHa
BOJIOWWKNHA E.C., A.T.H., npod). KneBcKoro HauMoHabHOro YH1BEPCUTETA CTPOUTENLCTBA U
apxXuTeKTypsbl, I. Knes, YKpavHa

Pestome: B cTaTbe fJaH aHann3 own6O0K, LONYLLEHHbIX NPY NPOEKTUPOBAHUM U MOHTadKe
[BYXBAPYCHbIX MOAMOPHBLIX CTeH. Ha OCHOBE MPUMEHEHUS KOMMbHOTEPHOro MOAENNPOBaHUS,
pacdyeTa W aHanmsa Hanpsa>KeHHO-AeOPMUPOBHAHHOIO COCTOAHNA  KOHCTPYKTUBHbIX
CUCTEM, pacyeTa YCTONYMBOCTMU CKIOHA C y4eTOM CYLLECTBYHLMX NOAMNOPHLIX CTEH, AaHbl
MPOEKTHbIE PeLLeHnst YCUNEHNA U peKoMeHZauun AN TOro, YTobbl CNOXKHbIE KOHCTPYKLUMM
CYLLECTBYHLLMX NMOAMNOPHbIX CTEH COXPaHWUAM 1 BbIMOHAN CBOK (DYHKLMIO 6e3 Aedhopmaliuid,
paspyLUEeHNiA UK 6e3 Kaknx-nnbo Apyrux OCNOXKHEHUA Ha ANUTENbHbIA NepuoA aKcnayaTauuu.
Tak>Ke peKoMeHAyeTCa NPUMEHUTb 6UONOTMYECKUA MeT O/ YKPENNeHUs CKNOHOB, OCHOBAHHbIN
Ha TPEXbAPYCHBIN BbICaAKe CreLnam3npoBaHHbIX BUA0B pacTeHWUNA.
KntoueBble TepMUHbBI: [BYXbsPYCHas MOAMNOPHas CTEeHa, CNOXKHbIN penbed, uabTpaums,
YCTONYMBOCTb CK/IOHOB, KOMMbHOTEPHOE MOAENMPOBaHue, pacyeTHas MOfeNb, FPyHTOBbIE
aHkepa, gechopmaumu, 06pyLLIeHNs, BMONOrMYecKne MeTOLbI YKPenieHns CKIOHOB.

1. BBegeHme

C TpyAHOCTSAMMW, CBA3AHHBLIMU C YCTOMYMBOCTHIO CK/IOHOB, Ye/I0BEYECTBO GOPETCH C aBHUX
BPEMEH, M, HECMOTPSA Ha TO, YTO Ha CErofHALHMIN feHb pa3paboTaHo 60/bLLOe KOMMYECTBO TEOPUI Y
nporpaMm, C MOMOLLIO KOTOPbIX MPOM3BOAMTCA OLEHKA YCTOMYMBOCTU CK/IOHOB, COBMECTHbIV pacyeT
KOHCTPYKLMIA NOLMNOPHbIX CTEH C TPYHTOM Y ONTUMasIbHbIA MOA00pP MX 3N1IEMEHTOB [0 CMX MOP OCTaeTCs
aKTyasnbHOI Npo61eMoiA.

[Mpy OCBOEHUW CNOXHOrO penbetha U U3-3a AeumunTa MPUrOLHLIX A/ CTPOUTENLCTBA
TEPPUTOPWIA, B OKPECTHOCTAX r.TOGuAMcM  MOCMELHO Havau OCBamBaTb HENpPUrofHble Ans
CTPOUTENBCTBA MECTHOCTU CO C/IOXHBbIM pefibed)oM, B TOM 4YMCNe U KPYTble CKNOHbI (C 60/bLUMM
YK/IO0HOM penbedha =12-15%). OfHUM 13 NPMMepPOB TakKoro rnocreLHoro 0OCBOeHUs penbeda ABnseTca
N JaHHbIN cnyyaid, rae ¢ Lenbio YCTPOCTBa BHYTPEHHero ABopa (YacTHOro 34aHust) 6biv NPUMEHEHDI
[BYXbSAPYCHbIE MOAMNOPHbIE CTEHBbI U3 MOHOIMTHOTO XXee306eToHa (CM. puc. 1,2, 3).

Heo6xoanmo TakXkKe OTMETUTb, YTO MPOEKTUPYEMOE COOPY)XKEHME, KPOME HaeXHOCTW, 6e30MacHOCTH
N 3KOHOMMWYECKOM LienecoobpasHOCTH, AOMKHO 06ecneynTb (PYHKUMOHAbHYHO — MPUIOAHOCTL 3a
OnpefeneHHbln CPOK HOpPMasibHOW M 6e30TKa3HOM akcnnyataumun. OnpegeneHne (PYHKLMOHAIbHON
MPUrOAHOCTU TAaKOro Kfacca COOPYXeHWUsi  HeBO3MOXHO 6e3 npaBu/IbHOro MNPOrHO3MpoBaHUA
nepepacnpefeneHns HanpsXkeHWidi B FPyHTax OCHOBaHWA  NOA (hyHAaMeHTaMu, NPOMCXOASLLEro
BCNEACTBME  W3MEHEHUS (PU3NKO-MEXAHWYHCKMX W PEONOrMYeckMX CBOWCTB FPYHTOB MocC/e

3amaumBaHus Bogoit.Llenb
Llenbio [aHHO paboTbl SIBNSETCA OLEHKA aBapUiHbIX CUTYaLWiA CYLLECTBYHOLUMX [ABYXbSPYCHbIX
MOAMOPHLIX CTEH U MPEANOXKEHHOTO apXUTEKTYPHO-CTPOUTENBHOTO W KOHCTPYKTUBHOIO PELLEHWIA,

6
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co3faHvie, C Y4eTOM COXpaHeHWsi CYLLECTBYIOLMX, 60/see NpUeMneMoid W HafeXHOW CUCTEMBI
MOAMOPHbIX CTEH U CO3AaHMe APPEKTUBHOIO GBUOMNOrMYECKOro MeToAa YKPEN/IEHUS CKIOHA.
OCHOBHAasA YacCTb C ONUCAHUEM CYLLECTBYIOLMUX peLleHUA BOSHUKLLUX NPo61iem 1 HOBbIX
TEeXHU4YeCKux peLI.IeHMﬁ

OcHoBaHMeM 18 NepBoro Apyca NoAMNOPHbLIX CTeH CYXaT €nabo BbIBETPEHbIE apruiinTbl, ANs
MOLNOPHbIX CTeH BTOPOro fipyca — UCKYCCTBEHHO CO34aHHble U YyTPaMOOBaHHbIE TNIMHUCTbIE TPYHTBI.
Pa3HMLa OTMETOK YPOBHE HU3a HKHErO fpyca NOAMOPHBIX CTEH, U 3eM/IM NMOBEPX MOAMOPHON CTeHbI
BTOpPOro spyca cocTaBnsetT 6onee 8Mm. CpefHsas BbiCOTa Kaxaoro spyca cocrasnseT Hcp.=4.0m.
PyHAAMEHTbI HMXXHEro sipyca NOAMOPHbLIX CTEH JIEHTOYHbIe, WnpuHOM L=3.0M 1 TonwmHoN t=0.5m.
®PyHLAMEHTbI BEPXHero fpyca MOAMOPHbIX CTeH TOYeYHble, C LaroM KOMoHH L=3.0m, rabaputbl
TOYeUHbIX PyHAameHToB 1.5X1.5M, TonwmHa t=0.5M. M0 AaHHLIM reonorMyecknx muccnefosaHunii [1].
nog yHZameHTaMm1 MOAMNOPHbLIX CTEH CNeAytoLLMe FPYHTHI
1. KpyrnHO0610MOYHBIA rpyHT (Nog dyHLaMeHTamMu NOAMNOPHbIX CTEH NepBoro fpyca);

2. [ MMHNCTbIE rPYHTbI COBMECTHO C CbINYYMMWN HECBA3HBIMU HACIMHbLIMU FPYHTaMU.

B pesynbTate pacuetoB [2,3,4-8]. onpeaeneHo, 4To 06Was YCTOMYMBOCTb ObGecrneyeHa C
HebONbLUMM 3amacoMm, a BO BTOpPOM fpyce (BepxHuWe cnou) He obecrneynBaeTca HeobXxoAnMas
YCTOMNUMBOCTb OT CABUra Maccuea B LENOM. 3TO OOCTOATENbCTBO YCW/IMBAETCA NPU MPOSBIEHUM
[OX[EBbIX BOJ, CHUKAIOLWMX CLEM/eHne rpyHTOBOro MaccmBa B Lie/IoM.

B TeyeHue roga no 3aBepLUEHNIO CTPOUTE/LCTBA 06Pa30Ba/IMCh 3HAUMTESbHbIE AethopMaLn 1
TPELLMHbI B KOHCTPYKLMAX CTEH BTOPOro Apyca (CM. puc. 1).

Puc. 1. MNMonepeyHblii pa3pes CyLecTBYHOLLMX Puc. 2. dparmeHT niaHa CyLecTBYHOLMNX

ABYXbAPYCHbIX NOAMNOPHbLIX CTEH ABYXBAPYCHbIX MNOAMNOPHbIX CTEH

-

®oT0 3. Bug ABYXbAPYCHLIX MOAMOPHON CO CTOPOHBI CTEHbI CO BTOPOro sipyca
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®0oT10 4. Bua ABYXbAPYCHBIX MOAMOPHBIX CTEH (C/IEBA XOPOLLIO 3aMeTeH AethopMaLimii NOANOPHON
CTeHbl BTOPOrO sipyca, Crpasa nep.biii Apyc).

®oto 5. Bug BTOpOro sipyca NOAMOPHOi CTeHbl (BuAHbI fedopMaLnii 1 TPELLyHbI B CTEHE).

o ! el

®oT0 6. Bupa BTOPOro sipyca noAnopHoii cTeHbl (BUaHbI HAKNOHHbIE TPELLUHBI).
8
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Puc.7. PesynbTaTbl pacuyeTa YCTOWUMBOCTM CKOHA C YYETOM CYLLECTBYHOLMX NOAMOPHbLIX CTEH.

B faHHOM npensioKeHWM YCTOWYMBOCTb M HafeXxHas paboTa KOHCTPYKUMIA obecreymBaeTcs
NMPYMEHEHNEM CreumanbHbIX pebep >XECTKOCTU U FPYHTOBbLIX aHKepaMoB OfHOBPeMeHHO. [Mpyu 3ToM
AN18 NpefoTBPALLEeHNs CMeLLeHMs U fedopmaln BePTUKa/IbHbIX MOAMOPHbLIX CTeH BTOPOro spyca C
MOMOLLbKO FPYHTOBbIX aHKEPOB CO3AaETCA NpeaBapuTe/lbHOe HanpshkeHWe ¢ ycuinmemM oT 3 40 4 TOHH B
KakaoMm aHkepe [9].

Pnc.8. TpocTpaHCTBEHHbIN BUA PaCHeTHON MOLENN ABYXbAPYCHBIX MOAMOPHBIX CTEH C
KOHCTPYKUMAMU YCUNEHWNSA C NPUMEHEHEM BbluncimTenbHoro komnnekca «/IMPA CAIP 2015»

15 T

oyl

Puc.9. 3HayeHue nepemeLLeHNss KOHCTPYKTUBHbBIX 3/1EMEHTOB ABYXbAPYCHbIX MOAMNOPHbLIX CTEH C
KOHCTPYKUMAMU YCUNEHUS Ha OCHOBE BbluMcnTensHoro komnnekca «JINMPA CAIP 2015»

9
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Puc.10. MonepeyHblii paspes CyLLECTBYOLLMX ABYXbSPYCHBIX MOAMOPHBIX CTEH NOC/E YCUNIEHUS.

Buaz
ERRET

s R

Zinog:

Puc.11. ®parmeHT nnaHa CyLLECTBYHOLMX ABYXbAPYCHbLIX NMOAMOPHbLIX CTEH MOC/E YCUEHNS.
PacyeTbl faBfeHnsA rpyHTOBOW Cpefbl /18 Pa3/INYHbIX TPYHTOBbIX YC/0BWIA.

Ha cucTemy nofnopHbIX CTeH, MMEIOLLYHO BEPTUKaNbHbIE UM YYTb HAKNOHHbIE CTEHbI, aKTUBHOE

[aBNeHNe CO CTOPOHHbI IPYHTa, Ae/CTBYIOLLIEro Ha NOANOPHbIe CTEHbI, OnpeaenseTcs popmynoi [6]:
EE=0,5-g- H*m (1)
re: g - 06beMHbIN Bec rpyHTa (3acbinkm) Kr/m?;

H - BbicOTa NOAMNOPHOM CTEHBI, M;

M- KO3((ULMEHT, 3aBUCSLLMIA OT 3HAYEHWNA BHYTPEHHEro TPeHWs rpyHTa (j ), OT yrnia HakioHa
HaCbIMHOro rpyHTa (a ) ¥ OTK/NOHEHWUS 3aJHei NNOCKOCTU MOAMOPHONA CTeHbl OT BEPTUKa/IbHON IMHUN
(b).

[na faHHOro cnyyas Aas/ieHve rpyHTa Ha NOAMOPHYHO CTEHKY MMEET TPeYrosibHYy0 (hopmy.

Mpyv HaMuMM Ha NPU3MY OGPYLLEHWSI TPyHTa PaBHOMEPHO PacrpefeneHHo Harpysku c
VHTEHCVMBHOCTbIO @, AaB/EHWE FPyHTa Ha NOBEPXHOCTY MOAMNOPHOI CTeHbI ONPeAenseTcs CeAyHLLIM

06pa3oM: ecnm OTKNOHeHWe 3adHeit cTeHbl (b <10°), TO WHTEHCWBHOCTL ¢ OMpeaenseTcss Mo
(hopmyne: EE=0,5-g- H (H+2hg) m 2

10
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rae: hO:g - yCpeaHeHHas BbICOTa C/OSi TPYHTA,;
g

[lnsi Takoro cnyyast Mo BbICOTe NOAMOPHOI CTeHbI 3MtOpa AaBNeHUS TPYHTa Ha NOAMNOPHYHO CTEHY
VMeeT TpaneumeBUAHY0 (OpMy C OpAMHaTamu, KOTOpble OMPeAenstoTcs CreaytolmumM 06pasoM

(hopmynam:
hy

H+h,

LIeHTp TSKECTM TpaneLuii HaxOANUTCA Ha PACCTOSHUM OT e HUXKHErO KOHLA:

H q+2
e=—. ql q2 (3)
3 q+0q,

[N BOJOHACLILLEHHBIX TPYHTOB [jaBfieHNe rpyHTa Ha MoAnopHYo CTEHY YMeHbLIAeTCA U3-3a
B3BELUMBAIOLLErO [AeWCTBMA BOAbl Ha rpyHT. OfHAKO B TakoM C/ydyae MOAMOPHas CTeHa Takxke
NCMbITLIBAET  [JOMOMHUTENbHOE  WMAPOCTATUYECKOE  [JaBfieHWe BoAbl. CyMMapHoe — [aBfieHue
COBCTBEHHOrO Beca rPyHTa W BOAbl ONPEeAENseTca B 3aBUCKMOCTU OT YPOBHS BO/bI OTHOCUTESNLHO
YPOBHS TPYHTOB. ECNM ypoBeHb BOAbI COBMafaeT C YPOBHEM FPYHTa WM BbIE HEro, TO FPYHT
HaXOJMTCS BO B3BELLEHHOM COCTOSIHUM, 1 CyMMapHOe JaB/ieHu e onpeaensieTcs (hopMy/oii:

2 2
E=E, +E, =05(g-ag,)-him+0,5g,H 4

ntopa AaBneHust rpyHTa Ha CTeHy NMPUHUMAET BUA, ABYX PasHbIX TPEYrofibHUKOB. ECN ypoBeHb
BOZbl HIKE YPOBHS FPYHTa, TO CYMMapHOe flaBeHre NPUHUMAET ClefyoLmii Bus,

E=E +E=05-g-H2 m+05g,(1-amh?

HVXXHWIA YPOBEHb Tpanewmia %:% VI BEPXHWI YpOBEHb (), =0}
+

®)
rae:

g—00beEMHbIA  BeC TpPYyHTa

0, — 0ObEMHBIN BeC BOAb;

a — CoCTaB 4yacTul rpyHta B obuiem obveme (a =0,55+0,7).

Ecnn YPOBEHbL BOAbI BbILLE YPOBHA FPYHTA, TOrAda CyMMapHOe AaBneHne npuHUMmaeT Cﬂep,y}OLLI,VIVI
BUA: E=E +E, =05(g-ag,) -hm+05g,H? (6)

AHaNn3 pe3ynbTaTOB KOMMNbLIOTEPHOI0 MOAENIMPOBAHUA N PACUYETOB

[na  nNpaBWIbHOM  OUEHKM  HanpsXKeHHO-4ePOPMUPOBAHHOIO  COCTOSIHUA  ABYXbAPYCHbIX
noanopHbIX CTEH H606XO,EI|I/IMO MMETb TOYHbIE [AaHHbIE TEO0/IOTMYECKMX W TUAPOreo/1I0rM4ecknx
13bICKaHWI UCCeyeMOro yyacTka B Lie/IOM. .

B cBs3M C TeMm, 4YTO Ha y4yacTke (0CO6EHHO B npeaenax BTOPOro sipyca MOAMOPHOIA CTeHbI)
MMEKTCS B OCHOBHOM HacCbiMHble U HEOAHOPOAHbIE TNMHUCTbIE TPYHTbI, KOTOPble XapaKTepu3yHTCA
60MbLUMM Pa36pOCOM (M3NKO-MEXaHWYECKMX CBOICTB, C LENbH 6e30LIMO0YHOr0 peLleHnst AaHHOro
BOMpOCa BOCMO/b30Ba/INCh METOAaMV MaTeMaTUYECKON CTaTUCTUKN.

Ona  HaxoxmeHus CcpegHero KBagpaTUUYHOTO OTKMOHEHUS W YCTaHOBMEHUS  CPeaHero
CTaTUCTNYECKOI0 3Ha4yeHud CbVIBI/IKO-MexaHI/IHE‘CKI/IX XapakKTePUCTUK TPYHTOB Mbl BOCMNOJIb30Ba/INCb
(hopmynoii: Xep=2Xigp/N , @)

roe:  X; — cpegHee apuMETMYECKOe 3HayeHMe rnokKasaTener  (PU3MKO-MeXaHUYeCKMX
XapaKTEPUCTUK FPYHTOB,

N — KO/IMYeCTBO MPOBEAEHHbIX UCMbITaHWI (MCCNeL0BaHNIN) rPYHTOB.

11



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” Ne4(39), 2015

HAYUYHO-TEXHUYECKU XXYPHA «CTPOUTE/IbCTBO»
T

Mocne yTOYHEHWS LaHHbIX TeoIOrMYecKnX U rmaporeonormMyeckmx U3bliCKaHuim Npov3BoAMIach
OLieHKa Hanps»KeHHO-A4ehOPMUPOBAHHOI0 COCTOSIHMA ABYXbAPYCHbIX NOAMOPHbIX CTEH C MPUMEHEHNEM
Ha OCHOBe BbluMCIUTENbHOrO Komnnekca «/TMPA CAIMP 2015» [3,4,5,7].

PacueTbl Ha BCeX 3Tanax MPOU3BOAMIUCL ANS Pa3HbIX BapWaHTOB YCW/IEHWS CYLLECTBYHOLLMX
KOHCTPYKTVBHbIX CUCTEM MOAMOPHBIX CTEH C YYETOM MPUXOSALLMXCA Ha CTEHbI NPeAe/ibHbIX Harpy3oK.
Hamun cTpounuch rpadyki 3aBUCMMOCTER NS KKAOro aTana ¢ y4eTOM U3MEHEHUSt KOHCTPYKTUBHbIX
ocobeHHoCTel. BoO Bcex pacuetax TrpyHT 3afaBaicd Kak uaeanbHO  AehopMUpOBaHHOe
ynpyroniactTuyeckoe Teso (Macca).

Mpn pacyetax Mbl 3aBefOMO [AOMYCKaeM, YTO YCTOWYMBOCTb MOAMOPHbLIX CTEH W TPYHTOBOIO
MaccmBa MOXET HapyLUMTbCSH, €C/IN CNos3aHre rpyHTa BbI30BET Cpe3 M NOBOPOT MOAMOPHbLIX CTeH. B
TaKOM C/lyyae COCTOSIHUE WX BO3MOXHOIO YCTOWYMBOrO pPaBHOBECMS MOXET OLEHMBATLCA C
NPYMEHEHWEM pa3HbIX MaTeMaTUYeCKMX METOA0B C YYETOM CYLLUECTBYHOLUMX KOHCTPYKTUBHbIX
peLleHunii cTeH. Hamu 6b1n1 BbIOpaH KOMMMEKCHbBIN METOL, OLEHKN Kak ANsl TPYHTOB, Tak U KOHCTPYKLIA
MOANOPHbIX CTEH C Y4eTOM 06LLEro Ko3(h(uLmeHTa 3anaca — K.

Ha ocHOBe MHOrOCTOPOHHErO0 KOMMbIOTEPHOrO MOAENMPOBaHUA W U3YYeHUSt HamnpsXKeHHO-
[ehOpMMPOBAHHOTO  COCTOSIHUA  CYLLIECTBYIOLLMX KOHCTPYKUMA W YCNOBUW  peasibHON  paboThl
ABYXbSAPYCHbIX MOAMOPHbIX CTEH C pasHbIMK BapuaHTamy YCUieHUs Hamy BblGpaHbl Haunbosnee
ONTUM&/IbHble KOHCTPYKLMIA C LieNbl0 YCUMEHNS cTeH C TOUKU 3PEHWUS pacxofa MaTepuasios, UTo aéT
TEXHUKO-3KOHOMUYECKNA 3((eKT C y4eTOM WX [OMTOCPOYHON 3KcnyaTaumm (a TakdKe C TOuKy
3PEHNA Hafe>XXHOC TV N 3KOHOMUYHOCTH).

[NMprynHbI aBapumn

1.Mpun NPOEKTUPOBAHNM U CTPOUTENLCTBE ABYXbAPYCHBIX NOAMOPHbLIX CTEH HE ObINI0 YUTEHO AaBleHune
(PUNbTPALMOHHBIX FPYHTOBBIX BOA Ha NOAMOPHYHO CTEHY;

2.[l0Xan 1 06unbHbIe NOAMBbLI BOLOI TPaBAHbLIX PaCTEHU, BbI3bIBAOLLMX MEPEeHAChILLEHE FPYHTOBOIO
MaccuBa BOAOW U M3MEHEHME NX (IN3MKO-MEXaHNYECKNX CBOMCTB B XYALLYH CTOPOHY;

3.He yuTeHbl HEOAHOPOAHOCTb U criabble PU3NKO-MeXaHUYeCKMe CBOMCTBA MPYHTOBOr0 OCHOBAaHMA Moj,
(byHZaMeHTamu BTOPOro Aipyca MOAMNOPHbLIX CTEH;

4.YCTpOICTBA TOYEUHbIX (DYHLAMEHTOB BMECTO NIEHTOUYHbIX [ BTOPOro fpyca MoAropHbIX CTeH Mo
BCEW UX AJINHE;

5.0TCyTCTBME APEHAXHbIX CUCTEM OTBOAA SIMBHEBBIX BOZ CO CTOPOHbLI BHYTPEHHEr0 Bopa.

6.Cnefyer TakKxke OTMETUTb, YTO B [AHHOM Cflyyae, TMPUMEHAEMbIE PACTEHUA  BbIMOMHANMN
[eKopaTnBHYO yHKUMIO. COOTBETCTBEHHO UX aCCOPTUMEHT MOABUPANICA UCXOAA U3 LeKOPaTUBHBIX
CBOWCTB. MNMOHATHOE [eN0, UTO TakKue PacTeHUs HYXAaUCb B AOMO/HUTEIbHOM YXOAe W NOMBe, YTO
MPMBENO K M36bITKY Barv N M3MEHeHUO (IN3NKO-MeXaHNYECKNX CBOMCTB FPyHTa (PasmbiBy).

Hamu npepgnaraetca Takke OMONOrMyeckme MeTOAbl YKPENeHus CK/IOHOB pPacTeHUsMN,
KOTOpble, Hapafy C TEXHUYECKUMU MeponpuaTUAMK, OYyAyT 3(PMEKTUBHbI B YKPENIeHWU [LaHHOro
CKnoHa. [Mpexpae Bcero, XOTe/IOCb YKasaTb Ha OLWMOKY B Mof6ope acCOpTMMeHTa pacTeHuid. Ans
cTabunmsaumy 3po3nOHHBLIX NPOLECCOB (BeTpoBas WM BOAHASA 3p03WsA), NPUBOAALLMX K OMOM3HAM WU
obBasiam, Hanbonee HaJeXHbIM U LenecoobpasHbIM CMOCO60M C TOYKU 3PEHUS 3KOMOTUW ABISETCA
CO3/iaHVie pacTUTENIbHOTO [IEPHOBOrO C/I0S Ha CK/I0OHAX M 0TKocax. OCHOBHOW MOYBO3aWUTHBIN 3HeKT
OKa3bIBAtOT Hai3eMHbIe YacTW pacTeHWin. OHN paccemBatoT KMHETUYECKYHO 3HEPIUi0 JOXKAEBbLIX Kanesb,
npefoTBpallas paspyLleHne CTPYKTYpbl MOBEPXHOCTHOrO €108 NOYBbl UM 06pa3oBbiBas Crabyro
BOLOMPOHULLAEMYIO  KOPKY. J(deKTMBHOCTb 3aliMTbl MOYBbI OT YAApOB [AOXKAEBbIX Karnesb
onpeensieTca NPOeKTUBHLIM MOKPbITUEM pacTuTenbHOCTU. Mpy 90 %- HOM MPOEKTUBHOM MOKPbITUM
YCTaHOBMBLLEEeCH BMNUTbIBaHWE BOAbl HA KAPOOHATHbLIX YepHO3eMax M KallTaHOBbIX MOYBax, Hanpuvep,
coctaBnsetr 15 - 2,5 MM/MMH, a Ha OroneHHolx yvactkax - 0,2 - 0,3 mm/mMuH. Kpome Toro,

12
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pacTUTENbHOCTb,  paccemBas  KMHETUYECKYK)  3Hepruio  Kanenib, Ha  MOPALOK  CHWDKaeT
TPaHCMOPTMPYIOLLYIO CMOCOGHOCTL MACTOBLIX MOTOKOB [11]. BnnfHWE pacTUTENIbHOrO MOKPOBa
[AOCTaTOMHO  pa3Hoo6pa3HO. KynbTypbl C  MOYKOBATOM  KOPHEBOW  CMCTEMONM  MOBbILLAOT
arperMpoBaHHOCTb U, Kak CNeACcTBYE, - MPOTUBO3PO3NOHHYHO CTOMKOCTb. B 3TOM OTHOLLEHUM OCOGEHHO
3(pheKTVBHbI MHOrOMIETHWE TPaBbl, KOTOPbIE YBENNYMBAIOT NPOTUBO3PO3VOHHYIO CTOMKOCTb MOYB B
HECKO/IbKO pa3 3a CYeT CBOE KOPHEBOMN CUCTEMbI, OHA CBSA3bIBAET OTAE/bHbIE YaCTULbl FPYHTA MeXAY
CO60I N yMeHbLUIAeT CKOPOCTb MOTOKa Y MOBEPXHOCTU MouYBbl. KpoMe TOro, KOpHW M pacTUTE/IbHble
OCTaTKuW, pasnarascb B Mo4yBe, 060rallaldT ee OpraHMYeCKMMU BeLecTBaMK, 4YTO CMOCOGCTBYET
MOBbILLEHNIO ee MPOTUBO3IPO3NOHHOW CTOMKOCTU [12]. APYCHOCTb B pacTUTE/IbHOM COOOBLLECTBE OYEHb
BaKHa. M03TOMY nydlle UCMOoMb30BaTb He OAWMH BUJ, APEBECHLIX BbICOKOPOC/bIX JEepeBbEB, a APYCHbIE
nocafku, cocTosLLme n3 MHoroneTHUX Tpas (I apyc), nonykyctapHukos (I apyc) v gepesbes (111 apyc).
Takasl nocafika crnocobHa yKpenuTb CK/IOH U BNUTaTb M30LITOK Bnarn. [nsa nocagok | spyca nyudiue
MCMOMb30BaTb OBCAHHWLY, K/EBEP; B KauyecTBe MOYBOMOKPOBHbLIX JIMCTBEHHbLIX MOLOMAYT MJIOLL
06bIKHOBEHHbIV 11 6APBUHOK. SPMEKTUBHA ANA FUHUCTLIX TPYHTOB Nyapus fonbyatas. Ans Il spyca
(nonykycTapHUKKM) 3thheKTUBHBLIMU MOTYT ObITb 6ap6apnc 0ObIKHOBEHHbINM, KMMApPUCOBUK 30/I0TUCTLIN,
MOMOKEBE/IbHUK Ka3aLKWi, KU3WAbHUKK, (op3uumns, pok. Ansa 1l apyca — fepeBbs: COCHa ropHas,
Pa3HOBUAHOCTY €1, ainBa ANOHCKas.

BblIBOJbI:

Ha ocHOBe BCECTOPOHHErO KOMIMbIOTEPHOIO MOZE/MPOBAHUA U UCMOMb30BAHNUSA KOMMbIOTEPHbIX
TEXHONOIMNA, C Y4Y4eTOM pa3/NYHbIX (HPaKTOPOB M HA OCHOBAHWW TLLATENIbHOrO aHanu3a pesyNbTaToB
MHOr0BapyaHTHOro NPOeKTUPOBaHWSA Bbll NOMTYYEH YNYULLEHHbIA BapuaHT ycuneHus (6onee HaLe>KHoe
M 3KOHOMWYHOE pPeLUeHMe CMOXKHbIX KOHCTPYKTUBHbIX CUCTEM MOAMOPHbIX CTEH), MPUHATbI HOBblE
APXUTEKTYPHbIE U KOHCTPYKTUBHbIE peLleHuns. [aHHble pelleHus YAOBNeTBOPAIOT BCe HOPMATMBHbIE
TpeboBaHMS MO MPOYHOCTK, [AepOPMaTUBHOCTM, YCTOAYMBOCTW, MO pacxofam CTPOUTE/IbHbIX
marepuanos v ap.

[nsa 3aKkpenneHus, yaepxaHus 1 obecrnevyeHns HOPMasibHbIX YCMIOBWIA 3KCNyaTaumMmn ABYXbAPYCHbIX
MOAMOPHBIX CTEH MPULLNOCH CO3[4aTb CIOXKHYK CUCTEMY KOHCTPYKTMBHBIX MeponpuaTuii, B
4aCTHOCTW:

1. AnA UCKMOYEHUA BePTUKa/IbHbIX CMELLEHWIA BTOPOro Apyca KOHCTPYKLMA MOAMOPHbIX CTeH
HEO6XOAMMO COEAUHUTL HWKHWUA ApYC MOAMOPHBbIX CTEH C BEPXHUM SAPYCOM C MOMOLLbHO
creumanbHbIX pebep »XecTKoCTw,

2. B uenax yoepXaHus CMeLLEHUA U ONPOKWAbIBAHWS BEPXHEro sipyca MoAmnopHbIX CTEH MPULLIOCH
yCTpavBaTb FPYHTOBbIE aHKepa 13 6YpPO-MHBLEKLMOHHBIX CBaWi A/IMHON 16-18M;

3. HeobxoanMmo cBA3aTb KOMOHHbI U MOAMNOPHbIE CTEHbI MEXAY COO0M rOpU30HTasIbHbIM Pebpom
YECTKOCTW, YTOObl UCK/OUYNUTL BbiMy4YmBaHue M NPOrndbl NMOLNOPHbLIX CTEH MEXAY KOIOHHaMu OT
[aBNEHNS TPYHTA;

4. YCTpoWUTb [ONOMHUTENbHbIE BOAOOTBOLHbIE TPYObI B TeNle 6ETOHHON CTEHKU 1 Ap.

5. lpoBefeHNe MOHWUTOPUHIa W KOHTPONA 3a MOBEAEHWEM BEPTUKa/IbHbIX W TOPU30HTASIbHbIX

nepemeLLeHNn 3N1eMeHTOB KOHCTPYKLMIA NOAMOPHbIX CTEH.
6. ANlbTEPHATUBHbLIM YCMIOBUEM C TOYKW 3pEHWS AINTeNbHOM U 6ecrnpob/ieMHOn aKcnyaTaumum
BbILLEOTMEYEHHbIX [BYXbAPYCHbIX MOAMOPHbLIX CTEH, ABMAETCA YCTPOWCTBO Haz BTOPbIM SPYCOM
NErKoro Haeeca, He AOMYCKAOLLEro nonafjaHue [OXAEBON BOLbl U WUCKHOYAOLLEro  0OUbHbIN
NONMB BOAOW TPaBsHbLIX U APYrMX pacTeHuin. Ans fONoNHWUTEIbHOro 3ab6opa Biaru ¢ KpbIwy HaBeca
npeanaraeTcs aro IKCTEHCUBHOE 03e/leHeHWe (CO3L4aHne 3KCTEHCVBHOM 3e1eHON KPOB/N).

7. B KayecTBe ahheKTMBHOro G1ONMOrMYECKOr0 MeToAa YKPEreHNs CKIoHa NpeanaratoTcs ApycHble
nocajku, COCTOALLME U3 MHOIONETHUX TpaB U nonykyctapHukos (I spyc) u pepesbes (I Apyc).
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Takas nocagka cnocobHa YKpenuTb CK/IOH U BNUTaTb M36bITOK Bnarn. [na nocagok | v Il apyca
Nyylle MCNo/b30BaTb OBCAHULY, KNeBep; B KayeCTBe MOYBOMOKPOBHBLIX /IMCTBEHHbLIX MOAONAYT
MoL, OObIKHOBEHHLIA 1 6GapBUHOK. JEeKTMBHA TakkKe A1 T[AMHUCTBIX TFPYHTOB My3pus
ponbyatas. Ansa | apyca (NonyKycTapHUKM) 3 PeKTUBHbIMU MOTYT BbITb 6ap6apnc 06bIKHOBEHHBI,
K1NapyCOBUK 30/10TUCTbIN, MOXOKEBE/IbHUK Ka3aLKMiA, KN3UNbHUKK, op3nuums, Apok. Ans |1 apyca
— [iepeBbA: COCHA FOpHas, pa3HOBMAHOCTM €1, aiiBa ANOHCKas.
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A(x,t)- 35603339000L Godmmdo; B(x,t)- mogolyggsmo bgosdomols Logsbg; @(x,t)- bogopols
bodxo @ =Au  Rx1)- 3d0@0g@ogg®ho  Gooqlo;  Si(x,t)- do@sgmogzgdo  Jobmdo

b}:%-%:nzﬂ%3 S5(x,t)- gbggdol  Jobmdo },‘g:_%z; n- 3560bpols  gogsdm@ols

bo® 3@0sbmbdol 3095303096@0. Z(x,t)- BLggAol Jggos bodbymols gubiios.

d93603dbmm,  Amd  ¢fyzgdmools  gob@mengdols  dglsdg  Fgg@o  sboslbosmygdls
3ob0333gmoll ge®dol  do@mgygmbgooll  Bm@dobogsb  goobgggsl @ (g—H): 0
dodmggmbgool dgdmbgggedo. @o3 dggbgds  9F939B™dol gobBmergdols dgmmbyg (g3,

JA H=const

030  oboboomgdl  aoboggggmol  gOmygedmgbgdol  Log®dgby o 1_1;(5 =~ 0
3o03m@ol 2060333900l d30M 900 (3300 gdols AML.

dodhbo  (yamol  mgm@ool  aobdmangdgdo  s@s{®g0g0s s  domo  sdmblbs
‘dglodgngdgemos dbmamme @oibgomo (Lob®ye-Lbgomdomo ob Lobdygao gangdgb@gdols)
dgmmegdol  aodmygbgdom.  sdydoggdymos  @godmmgol  dgdmeobgdols  LoliGyen-
Lbgomdomo dgmmeomn Losbas®odm Ujgds, @dmam®E sMsdzgmogo, dgfmboamo mgs@Emgols
dgdmpobgdol,  olyg  @godEmgol s 39(ygdol  vepu(x,t)  Lobfodom  dmd@sgo
‘d9d33M039099a0 bogool dgdmbgggsdo, dmmdgaoi 0fg93L RL3g@ol Be@dol (33amoggdsls
Z(x,t) = zo(x) + z4(x,t) (65b.1).

NI
N

\

u(

Zy

bob.l. Lodmem gof@m FysalsEegdo mgs®Emaygmo bsgo@ol dgdmoobgdols
Losbas®odm gomysbbmdoggdosbo (1ID) @oibgomo Uiggds.
2obBmegbdgdo oblibgds dglodsdol Lofgol o Lobobwgdm 30MMmdgdmsb gHmow,
amdgeno dgdpgabso®oss [o®dmwa gbogno:
bsfgobo s0@mds (BmEgdgeos qg bsfgobo bodxo oo hy Lo@@dgms gobsf o gds)
Qx,t) = q, =1
H(x,t) = hy(x) ,t=1 2)
bobs bogme  JoGmds  (Imgdgeos g bodxol ggmoggds s z; Ggeogxol
(3o gds M9y asboboangds dgdz3M0g9d9a0 bogowo):
Qx,t) = go + ¢a(t) , >0
20x,t) = zp(x) + z1(x,t) ,t >0 3)
5dmbobligbols doomgds Lsd bdoyxosbo boswo bbgsmdomo Ljgdom, g9@dme  @sdlo-
396m®x0l Inwoxo30M oY dgmmwon:
® 30039 Losbyomodm g@o3by (omdmgdl Lodogdgemo &9biiools ey ‘dgo@ g g®o

36033690 mdols g5bLobwgds F* (3bmdogno 360369 mdowsb:
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T +1
FI' Ax Pq:_i
Step I: T’M D (4)

e Jgmdyg  Loobao®odm  gHoddg  [oddmgdl  Lodogdgemo  gybiool  FLLE sbogoo
db0dgbgermdol aoblobwg@s:

n+1 n+z

B

i+s . ax
2 stepil:— At (5)

e Jgbodg  Losbgo®modm  gBodby  [omdmgol  Ladogdgamo  gybdiool  Lodgognem
db0dgbgermdol godmmges:
n 1 . e
F; +1 _ E(Ff + F +2) (6)
dogdgao  sdmEsbol  LOymymgomo  @oibgomo  5dmboblgbol  dolowgdow
db0dgbgarmgobos Ggaogxnol gm@dol s3OmJbodsigos s dolbo dgdggmdom gobGmengdsdo
‘dgdogo@o  3oM5dgBMgools goblobwgds, domydgdgl oy gobgoboasgm d33@030 bogowols
‘dgdmbgansl.  hggbl  dog®  ©@odydoggdyemos  @geoggol  [@xgogo  0b@g@3mero@mgdols
33 0dogr @0 dgmmEogs, HmIgmoi aeolbdmdl dbm@mo gsdmmgamgdolbomgols Lakodm
aVggad0  gabdgogdol A (H),Bi(H),R;(H)  dopgdsl,  bogm 33909000 5908
Ae3m@mmyoy@o  bodbymgdols  Logydgga by Lokodms  dbmgome  Losbys®odygdm

V9o @oggddo Gomeols 30303980900l y@oxg03g@o asdmbobgolomgols.

3. R5L3365
d300g Loe®dol (yseloiegdo @gs®d@Emyzol dgdmwobgdol dgogase Fo@dmdmdoao
9JLEGgIs@ @0 Gogmydo 3GmEgbol 3OmabmboMgdol gobboanyamo Jgmmwogs Lodgogdsls
0denggs  o@gfgtmm  Fogrmgdol  dmd@smdols  3Gmaglbo,  @mameai  dgfmbogno,  olyg
9933003909800 bogowol  Jgdmbgggzedo. Gmygmo  Ggmoggols  dglodsdolo  3s@sdgB@gdols

2odMmgegdo  25d5MG039dg@o s  Mm3B0dobo®gdygmos, bogm  dgogagdol  Fo@mdmwygbs
‘dgbodargdgamos Mgoyg®o Ggerogxol dglodsdobsg.

R0BIOOBIDS

1. Gvédesiani T., Jinjikhashvili G., Berdzenashvili G., Stepania T., Aronia G. ON PREDICTION AND
PREVENTION OF DEBRIS FLOW CATASTROFIC IMPACTS ON HYDRAULIC PROJECTS IN
MOUNTAIN AREAS (Georgia, Israel). 5-th International Scientific and Technical Conference.
Modern Problems of Water Management, Enviromental Protection, Architecture and Construction. 16-
19 July, 2015. p49-54;

2. 339e0gbosbo m., Gogrsgobodgommo ., dommsgg@odg &., dgMdgbsdgomo . samagmobs s
Lombols  3odbargdol aoM@ggzol Jgogase  Jggos d0gxndo a0dmfgggmo  bgdmJdgrgdols
30mabmbodmgds. gbgdaos, 2008. 4(48);

3. BonbumHrep H., KnesaHHblli K., MennHoBckuidi E. ANMHHOBONHOBasA AWHaMUKa NPUOPEXHON 30HbI.
N..I'vppomeTteonspar, 1989. 271 c.

bBsBos 9 b@ e gdzaros bsbgardfoger  g@sbBolb  gubegodo  dewmgshy
056599353 9angoms  dmbsfoggemdom ghmerderogo jaergggdobsmgol 3Gmggddol  NeDI/14/3-
109/14 ,,300056 @G50e0693 Io 3Ssbarsggdaar Jo@@myg56d98 by wgs6zmRgd0l 35B8bBGMR @0
b9der g gd0b 3686 bodgds o 3959605 bosbgsmo der 39003 o
omgoolbfobgdaao  bsdydsegdol  godgargddo  dmms  Gybomsggarol  gGergbmemo
bsdgi6096c1 ebool ©590656L7300.
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3003030 8(MIDS30 33564380L AMIVIMdS ®306583B60L
LOdOR06I LOLBIFIHOL SOISOLOL
0. 335@5051, 0). RISRNF30R02, 9. J56hSF30R0!

{ LoJo@mggermlb Ggdbogg®o 9boggdlodgdo, d.30bEsgol JNe77, 0175;

2 93 »03 30300, goggdodols J. Ne13, 0179, mdogoolo, Lods®mggenm)
@9 b02389: bsoGosdo gobbogenyamos, @,70b5395mbols Gogaro boysarody boldgdydol
089000 @Al @o b davgan-g oo bsowg ogrgdgaro J3o6d9301 Jfgmdols
ST30e093amBob bojombo ©s Jmygsboaros dsmo  jbLEGaf0ma0  gowsygaB0b
o8 0L 00930.
boggobder  bodgggdo: 556d0, 365060, &,3065395mbo, gogrodo,  S@IsBa@s, 9@,
boggara@o, 99s5bg@s, s dans, sfgmds, dmbdaego.

1. 45350

ddgbgdemmdol  3Gm3gLbdo, @3obsdgBmbol  mbLE®YJE0go0l  olsdgBmbgdansw
Lododm @oygao Logsgnodg Lol@gdgdol spgdol @@ml, bdodop  syi3omgdgeros dom'do
Fobolifod  gomgomolifobgdoyao odbgl dmgeno  @ogo  slsdengan-sbsFymdo  3356dgdols
dofgmds.  sbgmo  3gobdgdo  Lodyogngdol  odgnggs  dbodgbganmgboe  2odo®@@BHogwgl
5dmbRog900l, domo golfm@gdol, odg@mbgdols s godmblbol Lodydomgdo.  Jo@yow
dmgo]®gdgemo 3o05(9390900L  2obbm®zogamgdol dgdmbgggedo 0b@Pgds mgom  ob
4oe0069b0l  obosbgdgbol  aoMgdg  gdmb@ogolbs o d@sgomxg@owo  aodmygbgdols
‘dglodangdgomdgdo. Loob@gdgbms, @md Loddgbgdenm 3@oJBojz00sb aodmdobodyg domo
30390 90>  dglodangdgenos boddgbgderm dmgsbbyg s@Lgdyao dobogrgdoli aodmygbgdom
g0 9dgb@odygemo  dOmdomno  ©s  Qobsbly®o  @obosbodxgdom,  @o3  Ladmenmeme
db0dgbgermgob dmpgdols odanggs.

2. 30600 OR0 65FVOR0

0obsdgeamgg  [g@oamasdgbosbo  goaodgdologeb  dgbsdargdbgamos  g@my glo
RoAdobs s dJnbsbymmdol  yogrodgdol ospgds. slgmo  ygogrodgdo, @mameg  {gbo
Lbo@ydgerem  Loodjdmgddo dbspegds o dgdpgy  bpgds domo  aoe@obs  §dgomme
Lodmb@ogm swaomsl.  gognodgdol  3mblE®YJ3ogdol  Lodmymowsh s Jodomswsw
domo  LboboliGowsb aodmdobsdyg bdo®ow dgygdamgdgamos  domo  Logsemodg  LobEgdol
300m9Jpm  IEgmdstgmdsdo  aslifm@gds. Logsanodg LoliEgdol gargdgbdgdol  d@smdols
aodm 390 bg@begds  gogmodol  Loydpgbo  gymbggdol  bylEew  dmmbmgbogn
3OMO0b5EJoMsb dgmoglgds o bya d3odg gbybEmdgdol asdm, sGE 09y odgosmop
Lbododm begds ygogrodols ao@ozgmgds.  ao®s odobs, bLoddgbgdam  dJmgebgdbyg, 3( g
dofgmdoermdgdols dgbeyoygmo dgbedengdammdgdol godem  3Omdangdgdo 0Jdbgds bmandg
0P 35d5M0@ Yo bmdgdol IJmbg ©s 3dodg Logsenodg Loli@gdgdol oFgg0l db@ogses.
o0Jgob  aodmdpobo®g  Laygsenodg  LobEgdgdol  spgdol  3@mEgldo  9bos  odbgls
aomgoeolifobgdygmo yggans dgbsdanm ao@myegdgdo s odol dglsdsdoloe Fobolifom
Jobegl  obsdagm-goslbssyomgdgero  33o6dgdols  dmfymds.  domo  aowsfy3zgde
dod®ogo doMB0go gmblEMydiogdol dgJdbom bpgds. 3g@dme,  @ommbols ©g@sggdols
V99w gdom s Jomo sdog®gdom gogodol La®Eygmgdbg ob aodymey bofoamgdby;
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Jogaro  bogsenodg LolEgdgdol ©gnm@dscoygemmdo  asb@wobsngol  bsgds@olios

@mdganodg LodRggaolbomgol gangdgbBo®dygmo aspssaomgdols  Lodygsagdols dozgde,
@53 dmygobogros bob-1-bg.

bob.l. Lagsanodg LobEgdol Jagos Lod@yeols dmd@sgo gds@Bogglo 3gobdo
sbgmo  33obdgdo  dognby  do®Fogo  gFgmods,  OmameG3  ggm@ogeom®o  sbggg
30@H0bmb@omy@o Logogmodg LolEgdgdol spgools @@MbL. domo gossyomgdom bogds
Logos@odg LobEgdol aoxo@mmnmgds sb dgg9ddgs o s80m om@Egds dmbEog-gdmb@ogols
bodydomgdol gbeygagds. 3gobdol LJgdo@dy@o aodmbobymgds dmygsboaos bob.2-bg

boggee@o @ommbols gydo eommbols basbboobo
QAR
— gommbols
3MMQo0
I L
| N |
Qommfw@]ﬁ)gg{vabo

9d@sg0 Lo®Eygero \Nd(ﬁo;;o Lo @Eygero
bob.2. Logogodg Lol gdol dmd@sgo 3gobdol aowsfyggdol Lggds
ddodg o oo aodo@oG o bmdgbol IJmbg Logsgrodg LobEgdol dogsmomsg
dmygobogmos 123 ©@0sdgpGol s 1,23 Lodomarol  gogodo, @mdaol dJmb@ogo ggd

bgdbogdbmes 5dFom ©s ol Mm@ bofomose googm (bob3). gogmaol syomsls m@o 3s@o®s
Robxo@ss Lodg@@oygmon WoBMZggd Yo, Mmdgols dopbom dmgFym 3356do.
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f = ¥

bob.3. wowo 606-5\%:6‘1'553’0 %mnb > ddody bogo@o&a 0(’:’)38;5 683""8 06‘;@@36000
sbigom  dgdmbgggzgddo bogosamodg  LolbEgdol godymeg  33obdgdl  ogm, bobd-by
dmygobogoo Lgdo@y@o Loby.

. Loygeny@o gommbols gydo commbols basbboobo
ISHIAY

gommbols 9@ 3900

yogo0dols

do®o |

bob4. Logsamodg Lol gdol odyme3-dgdsgogdodmgdgamo 3356dols aowsTyggdol Lggds

3. R5L3A36S
L Lopygdgemm  Losd@mgddo  Logogrodg  LolBgdgdol  sagdol  3@m3gldo,  dsmo
Lo3MmgJBm damdomgmodsdo sdmb@oggools ©s dgdpgy gobysgrodgdols  Lodydomgdols
dgbOygangdol  aodo®@oggoolbomgols  Lalydggeros  Fobol{od  3mgPyml  slsTengan-
adoobssaomgdgamo  335b6dgdo,  @MIgams  2539mgds  dogrbg  sgomos  Loddgbgdanm
dmgesbby s@lgdbymo 0oggsbosbo dobogngdol godmygbgdom.

L0B3IBOB IO
1. 0.Jgo@05005, . ogogodgogro.  @3obsdgBmbol  gmblE®YJ30gdol  aobysgodgdols

235MB03960L 3bgdo. Lodgibog®m-3gdbogado gu@bogno “d9dgbgdenmds”. Ne3(34),
mndognolio 2014.

56



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” Ne4(39), 2015

HAYUYHO-TEXHUYECKU XXYPHA «CTPOUTE/IbCTBO»
T

306LbH3OB3IBIRN dSHOVAHB030 MNIM®OIBOL LOBIIZIRDI BI6M3560)
dOo®@LJB0L RIB(M@3SGOOL SAMG6Jd0L HOCH3NMO S3MBLES

g- 56®530dg, geo. 53M530dg, o. 3YdmsTdgogo, g. 5bgm@sdy
(Lododmggerml Ggdbogg®o ¢boggdlodg@o, d.g0b@sgols 77, 0175, mbdogoolo,

LoJommggeom)
@9bomdy:  gbmgsbo  sgomlbgdol  s@mS[EHRog0  @gRmGIsz00l  SIer3069300
dabsfogarobs @ d9dogmddo  Jsmo  Gogbgomo  @gogrobsiool  dobbom
809my969damos  Jo@MiMmg-arosgolbs s Bgbocrms  F05mmybgdby  oggdmaro
S@HS[HR0g0  mgmTGo do0. owbodbyemo  panolbol  o5dmobgdol  Gobgomo
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29603560  3o@bgdol  SGSFHR0g0  @0gRm@GISz00l  Sdezob900L  SImAbLbgaro
@0RID9b;050 G0 3S5bGmEgdoms s@sfGgog0 bobBgdgdo. Imygsboaros 99605560
so@bol  ©yRm@Edsz00l  j90dm  Jogogomo.  5d  dsgsgromol  @Goibgomo  sImblibs

Bobbodgogagdgeos  bgdmblbybgdgao  mgmmogdols  bogadggar by dowgdgero
5@ G900 @O0RIGIb(30560 350 556G margdsoms bobBgdgdol @03 bgomo
@900 bsz00b  dgdggmdom.  dowgdmaro  @Gobgomo  dawgsgdol  daws@gdobs @
bomsbser sbsarobol boggmdyger by 8o 9093905 go@ 5900 @sbygb930, sbggy
d9bfsgaroaros  bobs bwghem  s06m3930b  geroangdon  godmfagaao  bggogargbs
gombol @ya06Ed0mG93 ar-odsdyer Jogmds@gmds by.
boggs6der  bodgggoo:  39bmgsbo  goGbo, s@sfHR050 @99m@35;00,  bsbs bmgmem
3003960, SOS[HR050 ©0RIGEIb(30560 90 gobBmargdsms Lolidgdydo.
L. ‘AILO3OR0

aoboboggds  9bmgsbo  ao®dlbgdo, Gmdggdoi gy gbognos  dbodgbganmgbow
aoblbgoggdagemo  dgdobogyg®o  dobobosmgdengdols  IJmbg  ggbgdologsb. o3  ganslols
3o0Lgbol  gBM@do® dym-sdodymo  dpamdsdgmdols  dglFogers  dobobdgfmbogoos
Agbogms 303mmgboby spgdgmo  mgm@ools odmygbgdom. Ggbogms dodomgbol s@Lo
Joamdodgmdl  gdpgado, Logmmdwobs@dm bgosdo®ols bm@dsambyg  degdsdg  ao@bol
980939630 ©gRmOIs300ll dgdogy gowswols Ggbogndo, @53 odanggs Bgbmgsbo ao@bols
Lol Jol aob{gmog 356030 dg@ols ©g8MOIS309500 SM5gAMY 350 M3gbgd0ls
2omgo@olifobgdols  Lodygsagdsl.  3o@3mg-anosgol  Jodmmgbobyg  sagdymo  mgm@os 3o
Lobmpowme 5@ omgomolifobgdls asbogo dg@ol ©gnm@dsizools s@Obgdmdsl, domydg@gl
39bmgobo go@ligdols dgdmbgggsdo dom sOSgOMYgoMMgbgdsls.

bo'd@mddo  dmygobogro  ggbmgobo  ao@ligdol  agmdgd@oygme  s@sf@gGogo
©gnm@dszool  sed(g@o  doGomspo  Aob@magdgbosb,  dglsdsdobop  Fgbogmms
d03mmgbols  gomgoaolifobgdom, dowgdymos  @gbmgobo  go@ligdols  ggmdg@Eoymse
sMo{Mx030  ©0gnm@dszool  sdm3obgdols  5dmdblbgero  s@Mof®Gog0  oxgg@gbiosE Y@
2obGm@gdsms LobEgds. of obggg dmygsbogros ggbmgsobo ao@lol @gRm®dszool 39@dm
dogogomo,  @mdgeno  sdmblbogoos,  @mam® i Ggbomms,  oSbggg  Jo®3mg-gnosgols
d03mmgbgdol  Lboxyndggerby  dowgdyer  s@o{OQ0g  ©00xgMgbosmy@  Asb@ma gdoms
Lol gdgdol Goibgomo @goobsioom. bgdmblgbgdyemo mgm@ogdol godmygbgdom 39@dm
dogogomols  dmblbol  dgogao  dowgdyemo  Goabgomo  dgogagool  Igoomgds s
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2o@Lgdols gdmbgggado sl gdgb 0039 Om@l, @sbsE MmOl mgm@osdo 330l
3o6mbo.
RQ9bmgobo  ao®lgool g gdgb@Gol Fmbolfm®mdol gob@mamgdgdl sjzm  dgdwgyo

Loby:
BN O0AN oA 0B .
a4 ¢+ —N,, - —N,_, + ABK + ABg, = 0,
oa ob ob *® ofa " 1Qa =
oAN, @0BN,, 0B oA .
+ 22— - —N, + ABK + ABg, = 0,
ob da oa "* ob *° :Q 9: €)
* 8AQ,
0BQ, , 0AQ, + ABk,N, - ABk,N, + ABg, = 0,
Ja ob
0AM
9BM, . ba+%Mab—£Mb—ABQa=O,
da ob ob da
0AM 0AM
b4 ab+ﬂmba—%ma—ABQb=0,
ob oa ob ob
bowo(s Q. =Q, — (N, +kM_)a, — (N, +kM,,)a,, (4)

Q; =Qy _(Nba + kzM ba )qa _(Nb + kZMb)qb'
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‘dgdgmdolbomgols aoboboangds ggbmgobo  d@Ybgomo go@lgdol ©g@ILodgE Moo
M5 Mx8030 ©9Rm@ds300l 5dm3obgdo. 53 gansbol 5dmobgdol sdmboblibgmsw Ggbogoms
303mmgbobg  sagoygmo  sMof®Pogo  mgm@ools  bogydggeebg  domgdymos  s@bodbyeo
geoobol  5dm3obgbol  5dmdblbgano  os@s{®B0gz0  ©oxgg@gbEosE o 2obBMEgdoms
‘d9d g0 LoliGgds:

dN, . C C
ds :a11N5+a12Q5+a13Ms+a14u+a:I.5W+a16\Ps+d12cD+ fl’

aQ .. .. S
E: au N, +a,Q; +a,M +a,u+a,w+ a%‘{’5+d22<1>+ fzv
dm
ds

du . . s . . . “ 2 . B
E=a4le+a42Qs+a43Ms+a44u+a45w+a46‘1’5+d42‘1’s+d43QS‘P5+d44(NS+k1MS)‘PS+

== a;1Ns + a;zQ; + a;3|\/|5 + a::.4u+ a;5W+ a;G\Ps+ d31(Ns+ k1M s)\PS + d32CD + f3 )

+ d45(?;2 + d46(Ns + klM S)Q;\PS + d47(Ns+ klM s)z‘yi + d48cD + f4’
dw . .
E: aSZQs + a54u+a56lPs + d51(Ns+ klM s)\Ps'
O e N, QL+ A M+ e+ alw i+ Oy (N, + kM)W, + 0y #2 4 4L +

ds
+ d64(NS + kiM s)\Pi + d65Q;2 + dBG(Ns + klM S)Q;\PS + d67(Ns + klM 5)2\{[5 + dGSCD + f6'

O 1
CO_qNS_CZMS_CSlIIS

Lows (3 +(a,-q)¥, ]—%OG(CLNS+C2MS+(‘3‘PS)2+(d1NS+d2Q;+d3|\/|s+d4u+d5W+ d, ¥ )V, + (6)

{ é(c.LNs _CZMS _%Ts)[ale +a2Q; +aSMs +a4u+a5W+

HN,+ M )(ON, +D,Q. +bM, +bu-+ B b, +b.Q° +BQLY, +B¥)+
+(NS+klMs)z(bz‘Ps+2b7Q;‘{/S+b8‘P§)+b7(NS+k1MS)3+MS\PS% }
3obGm@mgdsms  (5) LobRgdsls s (6) godmbobyagbgddo  dgdsgogo  3mgx8030963 900
2obolobmgdgdosh  go@ligdols  ggmdgddoyee s dgdobogy®  dobsbosmgdan gdols
bodgoagdom.
3obBmEgdsms (5) LolBgdsl, oy ©o35353gdm  Lobos@wgdm 3ommdgdls dogowgdm
505{Mx03 Lobobwgdm sdmEsbsl.
39Mdm  dspsmomols  Lobom  goboboangds,  Lodggbmgsbo  g@mbso®o  {@oyao
bg@gangdols dJmbg, o@9bgomo  gaoglmowsgy@o  ao@lbol  © BM@IoMgdeEr-©sdsdyo
damdoMgmdol sdm3obs. 53 5dm3obol Moibgomo s3mblbgdo dowgdymos, Gmam®aG (5)
5M5{Mx03 ©00g8gMgbxosmy®  AobBmegdoms,  obggg  Jo®dmeg-grosgol  dodmmgbols
boggydggerby  dowgdygar  oMo{@R0g  ©0xg@gbgosmy®d  asb@megdoms Lol gdgdols
@oibgomo Mgogobsiool dgogasw.
b9dmbligbgdyeo  3g@dm  dogogomol  ©gBM®IoMgdyE-©sdsdymmo  daMmdo@Mgemds
‘dgl§ogeognos dgdpgao Lobobwgdem 3ommdgdols dgdmbggsgddo:
1) genoggmo@egry@o ao@lols Lobsbogam 3mbdy®gdby 3mddgogdgb dogngdo,
Omdengdoz oMo gay®@bo 5@0sb d@ybgomo wg@dol, g.0.
S=S5,,S,
N, = Nssinf —Q,co§ =P,
QZ:NSCOS. _QsSinj =0,
M, =0.
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N, =Nsin —Q.co§ =P,

u, =uco§ +wsin =0,

M, =0,
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396900l M gzomdols dmeyamgdo dgbsdsdobop - E,E,, Ej-om, 39sbmbols 3mggnoiogbdo

39 V-0m.

&

B R
E r . Z ST
'r_zf —j.f -_/,(f -e_ﬁ“ =

bob.1 bob. 2
goOmboo®o FoHoygao bgdgangdols 3jmby d@9bgomo geroglbmopsammyg®o as@bols X0Z
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D990a00 Lob X=acost, (-t <t<t)
JORIB J z=bsint, 0=t=%
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EQULIBRIUM EQUAITION FOR SHARPENED PRISMATIC SHELL
WITH NONSMOOTH COEFFICIENTS
G. Devdariani

(Doctor of Physicsand M athematics Sciences, Professor,
Vazha-Phshavela ave.59, 0186 Thilisi, Geor gia)

Abstract: Paper covers equilibrium equation for sharpened prismatic shell with nonsmooth
coefficients. Paper aims to investigate some actual problems for this equation. Such types of
eguations arise in the theory of prismatic shells with the thickness degenerate. Correctness of
the set problems is defended on the power of degenerate and the geometry of the domain
boundary.

Keywords: prismatic shell, differential equation, boundary problem.

1. INTRODUCTION
The theory of degenerate elliptic differential equations has almost a hundred years history. As it
turned out the set of solutions of degenerate elliptic differential equations is a poor one then the set of
solutions of uniform elliptic differential equations. So that the classical problems, for example the
Dirichlet problem, which are correctly set for uniform elliptic differential equations have no solution for
degenerate elliptic differential equations. So it isimportant to allocate the classis of problems which are
correctly set for the degenerate eliptic differential equations.

2. BASIC PART
In the theory of prismatic shells is well known 1.Vkua’s (see [1]) method of reduction of three
dimensional equilibrium equations on two dimensional infinite systems. In so called zero approximation

there obtain three equations and one of them has aview
dh du dh du

Lu = hAu + arae T 6—ya—y+hcu:0 (@D}
where h thickness of the shell and equation (1) is considered on the middle surface of the shell.
Equation (1) was considered by several authors for different h and D cases (see. [2] — [7])- In the
previous papers authors assumed that h is sufficiently smooth function.
Below we will consider the case where h is nonsmooth function. In this case we will see that
considered problems are different compared to the smooth case.
Let D be bounded by the curves:
r;={kxy): y= x%, 0 <=a<1l;0=x<aq}
I,={xy):y=(x)*%, 0 <a<l —-a=x<0;}
I;={(xy):y>0y=0¢k), @ € C%[—a,al};
p(a) = p(—a)=a”.
Let denote:
r,=1{(0,y): (0,y)€ D}
D; ={(x,y): (x,y) ED, x>0 },
Dy, ={(x,y):(x,y) CD,x <0 }

) . . (v —x*)",x=0;
Let’sassume that:  h(x,y) = { o 0 x < 0,m> 0. 2
As can be seen above function’s first derivative by x is discontinued through the x=0 line. So the
classical problem of Dirichlet cannot be considered on the whole D domain.
Under these conditions equation (1) is the second order elliptic differentia equation with singular
coefficients.
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Insert meanings of h from the equation (2) in the equation (1) we will receive two equationsfirst on
the D; domain second on D, domain.

On the D, domain equation (1) will have following expression:

Liu=(y—x®)x¥"%Au— ma % + mx l_aj—: +(y—xHx%eu=0 (©)]
and on the D,domain -

L= (y— (—0)")x " Au+ma 25+ m(—x) O+ (v — (00 %u =0 (4

Later wewill assumethatc € C4[D], 0 < a = 1, c(x,y) < 0.

Let @(x,y) € C(R?), consider following problem.

Problem 1. Find the function u € € (D) N [€%(D,) U €2(D,)] such that u will be the solution
for the equation (3) on D, domain and solution of the equation (4) on the D, domain, and will satisfy
the following boundary condition:

ulaDUl‘4 =@(x,y) 5)

To find the solution for the problem (1) we must solve the following two problems:

Problem 2. Find the function u &€ € (D) 1 €%(D,) which represents the solution for the equation
(3) on the D4 domain and satisfies the following boundary condition:

U»|1‘1u1‘3(a.:20)u1;1 =o(x,y)

Problem 3. Find the function u € € (D) 1N €%(D,) which represents the solution for the equation

(4) on the D, domain and satisfies the following boundary condition:
U|r,uryezoyury = (X, ¥)

Let first consider the problem (2) in case where 0< m <1, O< o <1. It is well known that for the
problem (2) to have a solution it is sufficient in each point of the boundary of the D, domain there exists
the function barrier (see. [8], [9]).

Definition 1. Let (x,,vo) € dD. The function v(X, y) is called the barrier in the point (x,, yo) if
the following conditions are satisfied at some domain D 5 of this point:

1. uec(DNDg)NC?(DNDg);
2. v= 0,where(x,y) € DN Dsandv = 0 onlyinthepoint (xq,vo);
3. Liv<0in DNDg

Firstly let’s construct the barrier onT'y. Let’s show that the following function satisfies the
conditions of the barrier in each point of the (x,,y,) € T',, where y,#0.

v=0—xP+ -»m)P 0<pf<1

Condition (1) and condition (2) are easy to check. Regarding the condition (3) we will need to
perform following calculations:

d%v e o

3z = @BB Dy — AT —ala = DBy — x4 e
"

dv

oy = PO —x)F "+ 200 —y0)

= BB -~ )F Lt 2

.Therefore

Liv= a?f(f— 1)y — x*)F1x% — ala — DBy — xO)Px+B(B — D(y — x¥)F~1 + 2(y — xF)x1 7%+
a?fm(y —x®)B1x41 4 Bm(y —x®)FIx17@ 4 2mx1 % (y —vy) + (y— x¥)x %cv =
a?BB +m—1D(y —x9E X1 qle — DBy — x¥)Ex1

63



1533G60IA)-BIIEN3IO0  JIGBOR(  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” Ne4(39), 2015

HAYUYHO-TEXHUYECKU XXYPHA «CTPOUTE/IbCTBO»
T

+B(B — 1Dy — x¥)E142(y — x¥)x1% 4+ Bm(y — x%)F-1x1-@ +
2mxl (y—yo) + (v — x¥)x1%cv

Sign of above equation depends on the sign of the expression m + § — 1. If m<1 then £ can be
chosen from therange O< 8 < 1, so that L,v<0inthe D 11 Dz domain.

Now let’s construct the barrier in points, which lay on the curve T',

Let’s show that the function below satisfies the barrier conditions.

v(x,y) =xF + (y — )2, D<p<], y=20

Let’s perform following calculations:

v _ s

5

v
5oz = BB — D

Thusfollows:
L= B(B—1)(y— x%)xF 414 2y — 2t %+afmxf 1 + 2mxt(y —yp) + (v —x%)x*%cv
Therefore for each m>0 in every point of ', barrier exists.
Regarding the I'; curve the equation does not degenerate and the barrier in each point (x,,v,)
takes the following form:
vy =(x—-x)f+ @-n)Ff, 0<p<l,
Indeed
o b g
v =
5= = B(B—D(x —xy)F2
R
4
3}; = BB -1~y 2
Thusfollows:
Lyv= BB Ul(f) 1@9“‘” L ) Ay xR apmy yo)P 1T (v
AsO < <1, thusLyv < 0.We have showed that the problem 2 has a solution, proof that this
solution isuniqueis derived from the principle of extremes (see. [8], [9]).
Thus following theorem takes place.
Theorem 1. If 0<m<1 and 0<a<1 problem 2 has a unique solution.
Let’s solve the problem 3. Solution to this problem is similar to the problem 2 solution. On T,
barrier will take the following form: if (xq,v,) € T, yo > 0then
v=0-)+ -y, O<p<l
Indeed
d_u_ I G T2 V' Sl PP 17 S §
o = B = (=)
b .
gr_ a? BB -1y — (=) 2(—x)4" 2 —ala — DEE— (—)* P (—x)*?

dx?
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dv _

d_y = 2(y - vo)

v

3= 2

Thusfollows:

Liv= @BB - 1)y - (-0 =0 - ala— DBy - ()P (0 BB - Dy - (-0 + 20y - (~1)7) (~x)' "+
a?Bm(y — (—x)9)F (=) + pm(y — ()10 + Zm(—=2)"* (v —yo) + (v —
—2)“)(—x) " %cv =
L +m— 1)y — )V 0"~ ula - DBE — (—0)“)(—x)7?

BB - D — ()Y 42(y — () ) + fm(y — (=)D (=)' %+
m(=x) y = yo) + (v = (29— e

Sign of above equation depends on the sign of the expression m + § — 1. If m<1 then  can be
chosen from therange O< § < 1, so that Lo,v<O onthe D 11 Ds domain.

Now let’s construct the barrier in points, which lay on the curve T

Let’s show that the function below satisfies the barrier conditions.

v(6y) = (0F+ —»)*, 0<f<l y=20

Let’s perform following calculations:

dv

et G

a2

T = BB —D(x)F?

ay
Thusfollows:
Ly = BB — D~ (—0)I0)P " + 2(y — (=) (=)' "%+
aBm(—=x)F 1 + 2m(—)"* (¥ — o) + (¥ — (=0)) (=) "%cv
AsO<f <1, thusL,v<0 whenm >0, 0 < f < 1and y = 0. Thus Following theorem

takes place.
Theorem 2. If 0<m<1 and 0<0<1 then problem 3 has a unique solution.

If we take into account the results of the theorem 1 and theorem 2 we can state that the following is
also true:

Theorem 3. 0<m<1 and 0<o<1 then problem 1 has a unique solution.

Now let’s consider the case when m=1. For this case let’s consider following problem.

Problem 4. Find the functionu € € (D, U D, U I3 UT,) N [C*(D4)U C%(D;)] such that u will
be bounded on the domain D, will be the solution for the equation (3) on Dy domain, will be solution of
the equation (4) on the D, domain and will satisfy the following boundary condition:

Ulp,ur, = ¢(x,¥)

We already found the solution to this problem, we only need to show its uniqueness. For that it is
sufficient to show that if ¢ = 0 then u = 0. First let’s show that « = 0 in D, domain. Let’s consider
the function:

w— —Inly —x%)+d, d>0

Perform following cal culation:

d
ac: — “U} _qu—llu—l
62“‘ b 2.7 2 2
a2 = @ —x )T +a(a — (y —x )T
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dw _ w1
& —(y —x%)
azw wy—2&
ayg - (y_-"‘ J
Therefore
Liw= a?(y— x“)_lx“_l + a(a — 1)x 1+(y — x%) Ixe 14
a‘m(y — 1“) Ixe™: — m(y — x%) 7™ 4+ (v—x%)x¥%cw = a?lm— 1)(y — x¥) " Ix“ "1 4
u(u—1)xt +

1-m)(y—x*)Ix1%+(y — xM)x1 %cw
Whenm = 1landa <1 then Lyw < 0 . Choosethe constant d suchas w > 0 in D, domain.
Assume that (x,,y,) point exists such that u(xg, y,) # 0. For each £ > 0 can be found compact
K 3 (x,v,) on which’s boundary following inequality will be satisfied:

+u + w|ok >0
As L,(+u + ew) = *+L,(u) + ew < 0 on K therefore based on the principle of extremes
following inequality will be satisfied:
+u(xp.y,) + c0(xg,y,) =0
Therefore in the point (x,, o) following inequality is satisfied:
—Ew(xo,yu) < u(xo,yajl < ea)(xo._'_vo)
We get u(x,, o) = 0, which contradicts to our assumption. Thus u = 0 in D; domain.

Similarly we can proof that 1 = 0 in D, domain, thus following theorem takes place:
Theorem 4. If m=1 and 0<o<1 then problem 4 has a unique solution.

3. CONCLUSION
We have studied the class of problems which are correctly set for the dliptic differential equation
with order degenerate on the part of the boundary with nonsmooth coefficients. Correctness of the set
problems is defended on the degree of degenerate of the equation also on the geometry of boundary of
the considered domain.
Author expresses his sincere gratitude to Professor G. Kipiani for his attention to this work.
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30bbHOYIGogo yoesTyg96H0b 989G aO™bl sbogobo;

sbggoam@dg@mbols bo®gggdols OO0 M G000 Lod@goiolb dodmEol
2obbmA 309 gds  IAsgox 9O sFZoMMgolsls  Jgdoeygbanmdols  dg@hggol dobbom,

@mdgeoi YbOYbggeymal sligsm@dg@mbols dmgdyen bogJldgrys@oEom mgoligdgdl;
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Losg@mdmbdognm abgdol gJldegs@oicools LEswosby Lo@@sbldm®d@m Lsdyomgdgdols
©0bs5dogyg®o  bgdmddgogdols dsbobosmgdemgdols sbao®odo  Lopgbom  bodmbol  gs@oyg®o
Lob{m®ol gomgogolifobgdom;

9JL3e 5@ o(305d0 dgmaz0 Sbgo@Bog@mbols Logodgdols OSOEOEDME0MO
bobdggamdol  obao®odo s Logbom  Logs®ol ba@bhgbo  @gly@lols  3Gmabmbodgds
A go@Y@0 ©osAZoAmgol yomgogolifobgdoom.

bogo®owsb  sdmwgdymo  sbgo@Bog@Bmbol  s@eogmmdols  Lod@goxgol  godmEool
aobbm® 09 gdos;

30039 gHo3by  bm@@ogmegds oslgom@BogBmbols  Loggs@ol  ©obsdogyg@o
5@300mgol  doboboomgdangdol obps@odo Imzgdgm  LosgBmdmdogmm aboby [Faool
2obdogemdsTo.

Lo bom  Logodol  Lol{m@ol  LogJldmogs@ozom  dobslbosmgdgamo  ©s  dmd@smdols
ho@mlbyamo  @ggodo  goblobwg@sgl  Lo@®obldm@@m  Lodygomgdgdol  wobsdogy®o
bg9dmdgogdol  Lobdodya  dobobosmgdemgdl.  Lopbom  @o@go®mgols  wobsdogyg®o
dobobosmgdan gdol sbgo®odo bm@EogmEgds ©sdydoggdygmo domgds@ogyg®o dmwgmols ,,
Logbom  3mblBOYJE0o-3096@G0°  308mygbgdom  Lo@@sbldm®@m  bogowols  dmzgdyeo
9o gb@mdolomgol. sdobmob 0mgomolifobgdgh 3@ods@y®o @od@mmgdol Lgbmby®
(g0 gdsl, @mdgeroi  odsbosbosmgdgmos  dmsgdygmo  @gaombobsmgol. gl dgmmeo
(boobgo®odm-mgm@oygeo)  dgodangds  gomgogolfobgdyamo  0dbsl  Gmam@E  sbogno
Lo bom  gobl@d®ygdEool  3GmgJdodgdolsl  asaomgdon  989JBYM0  ©s  bobasddeng
sbgoam@dg@Bmbols  Logo®ol  sbadygmgbdobomgol, sa@gmgg  Losg@mdmdoanm  abgdols
93 gs@oioobomgol  Logbom  Lasdmbols  badhgbo  @Agby@dlols  aosbysmodgdobomgols
Lo@@obldm@Em  bogopol  @goemy®o  ©obsdogyg®o  bgdmdgogdolol. gJldgrygs@oiosdo
dgme30 Log bom Lodmbgdobomgols dobobdgfmbognos 3odmygbgdaemo 0J6sl
9JL39M03gbBo@yy®o dgnmeo, HMdgols AMLSE SbGsmBogBMbol Logsdmols s@godmgols
©obsdogyg®o  dobobosmgdagdo  aobolobmg®gds  bos@ydomy®o  gobmdggdol 3Gm3gLdo
306 5dbmdo 3™33engJLols 3odmygbgdom. dgmdg 963y bo®G0ge©gds
SbBoEBHogBMbol  bobdggamdol sbgo@®odo  s@godmgolsl  bogdldanys@oEom  Gggodols
306md9ddo.

9JL3ggo@oosdo  Igmgo  Losg@mdmdogmm  abol  Logges®owsb  sdm@gdymo
SbBoEBHOgHMbol wom@ommdom M®3g3oby odmEEs s@goAmgol Ggomy®o  Mggodols
300md9ddo, Lodgoggdols odgrggs 20853900M0  3Mabmbo  SbGogFdgBmbol  Logos®ols
bodhgh @gly@lby o obodymgdymo sgbodbmm Lo®gdmb@m Lodydomgdol Lobggdo
05 §ogoo.

3. RUL336o

- m5bodg@dmgg ho@mlbyemo 0bFgbloy®o dmd@omdol 3060HmMbgddo  Lo@G@sbldm®@m
Lodgomgdgdol  bgdmdgogds  Logbom  3mblBOYJEooby  o@s@gdl  godmjggmogn
©065d039® bolosml, o3 073930 ©o@g00mggd0l ALl Loy bom 3mblE®ydicosby
©> sbgoam@dg@mbol bLoggo@ols womaogmdom bobdgogamdol dgdEodmgodsb.

- bggbl  J3ggobsdo  godmygbgdymo  om@ogrmdom  godmfggge  Gggg0Lboedo
debmgonyg®o 396950 Fobo@mdsby Lo bom bodmbigdols sbao®odo
SOSLOYegmgomos,  goohbos  @ogo  bogamgebgdgdols,  @o53 oG odgngge
30mgJBodgdols LbEoosaby domgdyeo 0J6sls 33 0dogr @0 aooygg9@e
sbggoem@bdg@mboli Loggo@ols womeogmdom bobdgogamdbol gob®ols Jobbom.
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Lo bom  3mblE®daool bobdgwgymdol asb@wols dJobbom Loko®ms sbogno 9593 ®0

3MbLE®YJEogero o5V Yy39@ 9001 dmdogds S 530 MdS(300, dogogomsw,
SbBoEBogBMbol Logs@mgdol J3gos ¢9bgdols dmTymds 3330030 bodgggdobsasb do@edols
a>bAwogmo dgdiggemdom, Go3 YbOYbggmymyl wom@ommdoloedo dosg Fobsmmdsls
©ubgol  @Aml;  s@dodgdoo  dggdol  dmFymds o Ubge.  LRsbos®@gdodo
sbggoam@dg@dmbols  bodgggdolo@do  d@sgomyw g@so  oGgoMmgobsl  @o@erommdbols
Lod@gocol ggmbom {oygbgdygeo dmmbmgbgdon ©s dgommegdom o6 sOLYdmdolL  sdm
Jgdegdgemos  Sbigom@BdgBmbgbol bo®gggool dobsb dods@myero dg@hggs aob@@oo
os@@omemdols bLod@gzoEom, Mobsg doggsgo®m s@sLim® yoes(ygg@omgdsdpg botmgggdols
G03gdol  dg@hggol @AM, Logbom  Lodmbol  3mbbE®yjcoygmo  ¢9bgdol  doboangdols
bobdgogamdols  mdogddydo  aoblobrmgdols dobbom  osyEoegdgmos  powsgogm  domo
aodmEol sbogn dgmmEgdbg, Gmdgaoi dggbodsdgds @o@go@mgols 3o0Mmmdgdols dobgogom
Lo@®obldm®@m bogool gogry@d ©0bsdogy® bgdmddgogdsl. Lo@@sbldm®@m bsgools
©0bsdogyg®o  bgdmJdgogds  Logbom  Lodmbby  ©odmgoegdyamos  Logbom  Lodmbols
Lol{mmgby o dmddsmdols hs@mlbyer @gg0dby.
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AJTTOPNTM ONMPEAENIEHNA AMINTINTY AHO-HACTOTHbIX
XAPAKTEPUCTUK CTPYKTYPHO-HEOAHOPOOHbBIX
NMPUSMATUNHECKUNX KOHCTPY KUK

Kaxunpgze Dxymbep KOcynosuy*, Baszarawsuim Mamyka ['muBmneBny* *
*(BaTyMCKMIA rocyapCTBEHHbIN yHMBepcuTeT nM. LLloTta PyctaBenn, yn. HuHowswunm 35,
6010, batymu, I'py3usn)

** (I py3NHCKWIA TeEXHUYeCcKniA yHuBepcnTeT, yn. M. KocTaBa 77, 0175, Téunucu, py3us)
Peslome: npuBOAMTCA oOMucaHWe CTPYKTYpbl MNPOrpaMHOro KoOMmnaekca Mo OnpefeneHunto
ANHAMUYECKUX  XapaKTepPUCTUK  CTPYKTYPHO-HEOLHOPOAHbIX  MPU3MATUYECKUX  KOHCTPYKLUWNA.,
PE>XKVMOB ero paboThl
Knioyesble cioBa: anropyuTM; aMnanTyaa; npu3MaTryeckas KOHCTPYKLWA; nporpaMmma.

1. BBefeHne

O,qMH n3 6onee Y3KNX, HO AOCTAaTOYHO LWNPOKO NPUMEHAEMBIX K/aCCOB ABMAAETCA KraCcC
TOHKOCTEHHbIX NMPU3MaTUYECKUX 000104€YHbIX KOHCprKLl,VIVI, npeacTaBnAOLWLNX coboim NPOn3BOJIbHYHO
KOMNo3nuynw 13 UWNNHAPUYECKUX 060ono4yek HEKPYroBoro ceyeHunsa u I'IpﬂMOﬂVIHeVIHbIX CTPUHIrepos.
[ns  pacuyéta TakuMX KOHCTPYKUWA ©Gonee 3(PMEKTUBHLIM ABMSETCS MPUMEHEHWE AMCKPETHO-
KOHTUHYaNbHON MoAEeNN.

B HacTosLlee BpeMsi XOpOLLO pa3paboTaHbl METOAbI, arOpUTMbl U NPOrpamMmMbl peLleHns 3afau
CTaTUKN U AMHAMUKN TOHKOCTEHHbIX MPU3MAaTUYECKUX KOHCTPYKLMIA, M3rOTOB/IEHHbLIX W3 YMPYroro
maTepuana [1, 2], a TakkKe TOHKOCTEHHbIX CTPYKTYPHO-HEOAHOPOAHbLIX KOHCTPYKUMIA M3 060/104€eK
BpaLLleHVs 1 WwnaHroyTos [3, 4]. HacToAwas cratbd nocesLleHa pa3paboTke MeTOLO0B, aropUTMOB Y
nporpamMm onpegeneHua OUHaMUYECKNX X3apakKTepUCTUK TOHKOCTEHHbIX CTPYKTYPHO-HEOLHOPOAHbLIX
NPU3MaTUYECKUX KOHCTPYKLMWIA.

2. OCHOBHAA YACTb

ANropuT™M onpefeneHns amnauTyAHO-YaCTOTHOM XapaKTepuCTUK (3aBUCMMOCTb HampPsHKEHHO-

AethopMMPOBaHHOIO COCTOSIHMA OT YaCTOThl BO30Y)KAAIOLLEN Harpy3kn w) CTPYKTYPHO-HEOAHOPOAHbIX

MPU3MaTUYECKMX KOHCTPYKLMIA M3 BAKOYMNPYroro matepuana AN N-ii FapMOHWKKU  PasnoXeHus

BHELLHMX HarpysoK B psigbl ®ypbe MO KOOpAWHATE 3aK/4aeTcsl B MOCNEA0BATE/IbHOM BbIMOHEHUN
CNeLyHLLMX 3TamnoB.

ijs

lJS] Vl [ cpj

ijs ijs
S MaTpuL %

1. BbluncneHne KoappuLmMeHTOB &
(hopmynam (2.77),(2.79).

] npeobpasoBaHnini  No

iJs ~ijs
2. BbluncneHue Matpu, [ ] N BEKTOPOB Qi ANA KaKaoro 060/104€4HOr0 3/1EMEHTA.
Bbluncnexune MaTpuL, XXECTKOCTU [G] ANA KaXA0ro CTPUHrepHOro anemMeHTa.
BbluncneHve KOMMNIEKCHbIX KO3PMULMEHTOB BA3KOYNPYTMX 3M0p.
BbluncieHve KOMNIEKCHbIX KOAPMULMEHTOB BA3KOYNPYrMX CBA3EIA.
®opMUpOoBaHMe CUCTEMbI;pa3peLLatoLLIMX YPaBHEHW MeTOAa NePEMELLEHNIA.

Mogudrkaums maTpuLbl [P1 g cootsercramm ¢ FPaHNYHbLIMM YCIOBUSIMM.
PeLLIeHe 3TOVi CUCTEMBI, TO €CTb OMPefe/eHme Y3noBbIX nepemelLieHnii 2.

OnpefeneHve  KOMMOHeEHTa Hal'lpﬂ)KeHHO-,D,e(*)OpMVIpOBaHHOI'O COCTOAHUA  CTPUHIEPHbIX
31EMEHTOB.

©oKo N oUW
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10. OnpegeneHre  KPaeBblX  CMeLLEHWA  060MOYEYHbIX  3/EMEHTOB N0 (hopMy/am

— T 2i)s ijs IS
7= o1 3, W = (o] 5
11. OnpefeneHve  KOMMOHEHTf  HanpsXeHHO-4e)OPMUPOBAHHONO  COCTOSHUA  KaXXA0ro
060/104e4HOr 0 3/1EMEHTA.
YKa3aHHbI anroputM peasiM3oBaH B BUAe CTaHAApPTHOW NPO61EMHO-OPUEHTUPOBAHHOM
npoueaypbl APDO5Z Ha anroputMmuyeckom asbike MJ1/1.
3aronoBoK 3TOIN NpoLesypbl UMeeT BUA
APDO05Z: PPOC(NR,NA,NB,NG,GR,MECHR,SL,NSNC,NH,GSGEOMP,
MECHSZ, NA1, NS1,NHA ,NHS, MECHSA, MECHSS,
NX,XSMSNP,GA,NQ,NOQR,QR,OMEGAR,QXY Z1,
YR, YER,YQR,YSYQS);
DCL (NB,QR,NH,GS,GS1,NHS XS,(QR)(*,*),
(MECHR, GEOMP, MECHSZ, MECHSA, MECHSS, QXY Z1 )ENTPY,
(MS,GA)(*),
(YRYER,YOQR,YSYQS)(*,*) FLOAT(16)CPLX;
NQ - 41cno BOSIH B NPOLONLHOM Harpas/ieHN N,
NQR - yncno Harpy><eHHbIX y3/0B;
QR(1:NQR,Q:4) - maccuB, K- CTpOKa KOTOpPOr0 COAEPXWUT BENMYMHBI: NOPSAKOBbIA-HOMEP
Harpy>XeHHOro ysna; aMninTyfbl Harpy3oK tin, Gins Mins Sins
OMEGLAR - Kpyrosas 4acToTa rapMOHUYECKOr0 BO30YXKAEHUS;
QXY Z1 - npoueaypa BbIHUCIEHNS BHELLHMX MOBEPXHOCTHLIX Harpys3ok.
YTtobbl BOCMNOMb3oBaThCA npouesypoir QXYZ1, Heob6Xo4UMO 3anofibHUTb MacCuB  Uucen
QS(1:NQS,0:6), rae NQS - 4nCno Harpy>keHHbIX, TUMNOB 060/104eYHbIX 31eMeHTOB (Tabn. 1).
Tabn. 1.

QS | P| Oxo| G2 | G20 | O2c | Ozo | Oze
1

NGS

B pesynbTate BbINONHeHWA npoueaypbl APDS5Z ee BbIXOAHble MapameTpbl MPUHUMAOT
MPVHUMAIOT CNeAYIOLLIME 3HAYEHUS:

YR(2:NR,1:4) - MacCuB y3/10BbIX CMELLEHUN Uu;, w;, @;, U,

YER(1:NG,1:4) - maccuis Aepopmauuii €, z,., &y, 2, CTPUHIepoB;

YQR(1:NG,1:4) - maccus ycunuii T, My, My, M B CTpuHrepax;

Y S(1:M,1:8) - maccus, S-A CTPOKa KOTOPOro COAePXKMUT BennuunHbl 17y, Q34, M3i,, s°, u®, w?,

63, u® B S-11 TO4Ke OPTOroHanm3aLmu (B rnobasibHOM HymepaLuun);

YQR(1:M,1:8) - MmaccumB, s-A CTPOKa KOTOPOTo cofepxuT sennunnbl EYy, ET,, E3,, KTy, Ki5, K35,
T3,, M35, B S-1 TOYKe OPTOrOHa/IM3aLmn.

Mpoueaypa PDO5Z sABnsetca npo67eMHO-OPUEHTUPOBAHHOW MpoLedypoin  onpeaeneHuns
amMnIMTYAHO-YaCTOTHBIX XapaKTePUCTUK CTPYKTYPHO-HEOAHOPOLHbLIX MPU3MATUYECKMX KOHCTPYKLMIA
3 BA3KOYNPYroro marepuana.

YnpasnsatoLpe nporpaMmbl, UCMoMb3yroLwme paspaboTaHHble npoueaypbl APV052 n AEDO052,
MOTyT 6bITb OpraHu30BaHbl B BWAE MPOBIEMHO-OPUEHTUPOBAHHLIX W 06BEKTHO-OPUEHTUPOBaHHBIX
nporpaMm pacyera.
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Moa npo6seMHO-0pPMEHTUPOBAHHOW NPOrpaMMoil pacyeTa B [JaHHOM Ciy4vae MOHWMAaeTCA
nporpaMmMa, OpraHu3oBaHHas TakuM 00pa3oM, 4YTO COXpaHseTca 6onblas cBoboga B Bblbope
reoMeTpUYECKUX U  MEXAHWYECKMX XapaKTepUCTUK 0O60/I0YEYHbIX 3/1EMEHTOB, B  OMUCaHWUM
PeoIornyYecknX CBOICTB MaTepuana 060/104eK, CTPUHIEPOB, OMOpP, CBA3EM, U ONMCaHUW XapakTepa
BHELUHMX CWMOBbLIX BO3AENCTBUIA. ITO [OCTUra/IM  UCNOMb30BAHWEM a/iITOPUTMUYECKOrO BBOJA
MCXOLHbIX AaHHbIX, OMNUCLIBAIOLLMX FrEOMETPUYECKME N MEXaHUYECKMEe XapaKTePUCTUKM 060/104EYHbIX
3/1eMEHTOB, CTPUHIepoB, OMOp, C3f3€il, BHELUHWE BO3AeWCTBMA. Bce 3TO MO3BONSAET PacLUMPATb
BO3MOXHOCTM NPO6/MEMHO -OPUEHTUPOBaHHOW MporpammMbl ¥ MPUMEHATb ee A/ pacyeTa CaMmblX
pa3/IMyHbIX O06BLEKTOB, HO TpebyeT nNpu 3TOM OT MO0Mb30BATENIA AOCTATOYHbIX 3HAHWIA OCHOB
MporpamMmMmpoBaHuns, 06paLleHNs ¢ BHELLHUMMN YCTPOMCTBAMM U T.4.

B oT/mune ot nNpo6ieMHO-0pMEHTUPOBAHHOW NporpaMMbl pacyeTa 06beKTHO-OPUEHTUPOBAHHAA
MporpaMmMa »ecTko NpmBsA3aHa K KOHKPETHLIM 00bEKTAM B OTHOLLIEHWM BO3MOXHbIX POPM reoMeTpum v
MEeXaHUYeCKNX XapakTepUCTUK, BHELLIHME BO3AENCTBUIA. Ta nporpammMa TpedyeT MUHUMYMa BXOLHOW
MH(opMaLuy, NpUBS3aHHON K YepTeXHON [OKYyMeHTauuu 06bekTa, M He TpebyeT HUKaKoiA
[OMNOMHATENBHOM NPOrpaMMHOM MOAFOTOBKM K ee paboTe, KPpOMe MOArOTOBKU UMC/IOBbIX UCXOLHbLIX
JaHHbIX, W CNneaoBaTeNlbHO, HUKAKMX MO3HaHWA B 061acTV  NPOrpaMMMpoBaHus, T.e. MOXeT
1CNO/b30BATLCA HAa YPOBHE TEXHWYECKOr0 NnepcoHana.

ObpatleHne K 0OLEKTHO-OPMEHTUPOBAaHHOW NporpaMMe  OCYLLECTBASETCA C  MOMOLLbHO
CNefyroLWwmX YNpasisatoLwWwmx NpesioXeHui:
<MA 3AJAHNA> JOB <YUETHAA NHPOPMALINA BBIYNCIIUTENIBHOI O LLEHTPA>

EXEC APMCM V=CAFCMJ

DL=<MS{ BUBJIMOTEKW 3ATPY30YHbIX MOAYNEW>,
ML=<MM$A OB bEKTHO-OPUEHTVIPOBAHHOW NMPOrPAMMBbI>,
DS=< MHA BUBJTMOTEKMN MCXOAHbIX MOAYNEN>,
MS=<MMA MOAYNA C MAKETOM NCXOAHbIX JAHHbIX>
Ha 00beKTHO-OpUEHTUPOBAHHbIE MNPOrpamMmMbl  pacyeta  CTPYKTYPHO-HEOAHOPOAHBIX
NpU3MaTUYeCKMX KOHCTPYKLUIA 13 BA3KOYNPYroro Matepuana HasioXeHb! CriefytoLme orpaHnyeHmns:
a)B OTHOLUEHWN TeOMETPUYECKUX (OPM 060/I0YEUHbIX 3/IEMEHTOB-MNACTUHA W LWIUHAP

ANIMMTUYECKOT O MOMNEePeYHOro CeYeHus;

b) B OTHOLLEHUW PEOIornyYecKnX CBOMCTB MaTeprana 060/104eYHbIX 3/1EMEHTOB, CTPUHIEPOB, ONop U
cBA3el - A4po;

C) B OTHOLLEHWWN BHELLHWUX BO3AENCTBUIA - NIMHENHOE pacrnpejeneHne Harpysok no KoopauHare a;

KaXk0oro 060/104e4HOr0 3/IEMEHTA.

MpesycMOTpeHbl Ba pexxuma paboTbl 06bEKTHO-OPUEHTUPOBaHHBIX NPoLeLyp - aBTOHOMHBIV U
[INanoroBbIi.

[ns paboTbl B aBTOHOMHOM peXXume pa3paboTaHbl JBe Nporpammb:

SPA1DZ - nporpamma onpeaeneHns 4acToT u hopbl KonebaHWiA;

SP@2@7Z - nporpamma onpegeneHns aMnanTyAHO-4aCTOTHBIX XapaKTepUCTUKIO

[na paboTbl B AManoroBoM pexuMe Takxke pa3paboTaHbl [Be MporpaMMbl  C TEM ke
(hYHKUMOHa/IbHbIM Ha3HaveHvem: SPP11Z n SPA217.

[vanorosblii peXxum paboTbl a airopuTMaMu OnpeaesneHns LUHAMUYECKUX XapaKTepucTuK
CTPYKTYPHO-HEOAHOPOAHbIX  MPU3MATUYECKMX  KOHCTPYKUMA M3 BA3KOYMPYroro  marpuana
OpPVEHTMPOBaH Ha MCMO/Mb30BaHWE anaBUTHO-LMU(POBLIX aucnnees Tuna EC-7927 n guanorosyto
cUCTeMy KOJINeKTUBHOro nosb3osaHmsa OEC.

[nanorosblii pexxum paboTbl C airopuTMaMun OnpeaeneHns LUHAMUYECKUX XapaKTepucTuK
CTPYKTYPHO-HEOAHOPOAHbIX MPU3MaTUYeCKUX KOHCTPYKLMIA 3aKN0YaeTCA B CELYHOLEM.
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MPOEKTUPOBLUMK BbI3blBaET HA 3KpaH AMCM/es MakeT Tabnuy nporpaMMbl, peannsyroLleit
pelleHne HeoOXOAMMON 3afaun. JlucTas CTpaHWubl 3KpaHa Haxatvem knasuwn “"BBOL", oH
nocnefoBaTeNbHO 3anofHaeT Tabnuupbl-an&age.Ta Heo6Xo4AMMOW WH(opMaLmeid B COOTBETCTBUM C
VHCTPYKLMEN.

MMocnepoBaTenbHbll  Haxatvem Knasuwy “BBO/M" NPOeKTUPOBLUMK MOXET OCYLLECTBUTH
MOBTOPHbIA MPOCMOTP UCXOAHBIX AaHHbIX, NOC/e Yero NpPoM3BOAMTCA 3anycK MporpaMMmbl Ha cyeT. C
3KpaHa Aucrnes NPoeKTUPOBLLK MOXET CefMTb 3a XO40M PeLLEHNS 3a4a4umn 1 NONYUYUTb HDOPMALLMIO
0 ero 3aBepLUeHNN.

Mocne 3aBeplUeHWs peLUeHWs MPOEKTUPOBLUMK BbI3bIBAET HA 3KpaH Auchnes Tabnuubl C
pe3y/nbTaTaMun peLleHus.

MpoaHn3MpoBaB pe3y/ibTaTbl.pelleHns, MPOEKTUPOBLLMK MOXET BHOBb BbI3BaTb Tabnuupl C
MCXOLHbIMU [aHHbIMW, CKOPPEKTUPOBATbL UX, U3MEHMB, HarpuMep, TOMLWMHbI CNOEB WM MapameTpsbl
A4ep penakcauum v T.4., 1 BHOBb MOBTOPUTb PELLIEHNE.

B nt060i1 MOMEHT MPOEKTUPOBLUMK MOXET Nonyuntb Ha ALIMY TBepayto Konuto ¢ Tabnuuamu
MCXOLHbIX [aHHbIX W pPe3ynbTaToB pELUEeHWUs, BbICBEUMBAIOLUMXCA HA 3KpaHe [ucnies, a npu
HEO6X0AMMOCTU 1 NOJHbLIA KOMMNIEKT LOKYMEHTALMM NO pacyeTy.

[nanorosblii peXkum paboTbl ¢ NPOrpaMMHbLIM KOMIMIEKCOM peLleHus 3afaqn 06 onpegeneHun
OVHAMUYECKMX XapakTepuCTUK CTPYKTYPHO- HEOAHOPOLHbIX MNPU3MATUYECKMX KOHCTPYKUMIA npw
MCNO/Mb30BAHMN CUCTEMbI KOJINIEKTUBHOMO M0/b30BaHNA EC oCyLLecTBASETCA C NOMOLLLIO CENYIOLLIMX
MPOCTbIX KOMaHA,

KomaHgoii

<MSA BUBJTMOTEKN UCXOAHbLIX MOAY/EN>

BbI3bIBAETCA AN8 paboTbl 61MGMOTEKA MCXOAHBLIX Moaynein (Hanpumep, APMCM), copepxatias
MaKeTbl Tab/nL, ¢ UICXOLHBIMU JaHHbIMU. B 3Ty Xe 61MbnnoTeky pasmeLLaroTcs NporpaMmMHo Tabnmupl ¢
pe3y/nbTaTaMu peLleHus.

KomaHpof

#R PI1D (@)

Ha 3KpaH AuCnnes Bbl3blBaeTCA MakKeT TabnL, UCXOAHbIX AaHHbIX.

Haxatnem knasmwn “BBOJ" ocCyLLeCTBNSETCA NMCTaHME CTpaHWL, 3KpaHa W 3arosiHeHue
Tabnuu.

KomaHgoii

#PZ10#R APMPQ (6)

TabuLbl C UCXOAHBIMU JaHHBIMW Pa3MeLLatoTCca B GUONNOTEKE UCXOLHLIX MOAYNEN, a Ha 3KpaH
BbI3bIBaeTCA MakeT Tabnuubl C MPOrpamMMOoi pacyeTa v MHCTPYKLMEN K HelA.

KomaHpoi

#MNJI nnm (B)
#DA1 ()
MO>XHO CNefnTb 33 XOA0M PeLleHNns 3afauu.
KomaHgoii
#C1#R PR10 @)

Ha 3KpaH Aucnnes Bbi3blBalOTCA TabNMLbI C pe3ynbTaTaMy peLLeHms.

KomaHpof

#R PZ10

BbI3bIBAKOTCA Ha 3KpaH Aucnes 1abnuibl ¢ UCXOLHbIMU AaHHBIMU NS UX KOPPEKTUPOBKU. IMocne
3TOro NOBTOPAKOTCA KOMaHAb! (6)-(4).

KomaHpoi

#HE
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3aKaH4MBaeTCa paboTa ¢ 61MBIMOTEKOIN NCXOLHBIX MOLYNEN.

[nanorosblii peXxum paboTbl C airopuTMaMu ONpeaeneHns AMHAMUYECKUX XapaKTepucTUK
CTPYKTYPHO-HEOAHOPOAHbLIX MPU3MAaTUYECKMX KOHCTPYKLMIA UMeeT CreaytoLime OrpaHUyeHuns: Yncio
Y3/10BbIX 3/1EMEHTOB He [J0/DKHO MpeBblwarh 26, 4YnCno 06010YEUHbIX 3/1EMEHTOB - 33, 4MCno
BA3KOYNPYruX onop 26, Yn1cno BA3KOYNPYrux ceasei — 26, 41cno Cloés.

3. 3aK/nyeHue
Pa3pa60TaHa METOAMKa W aJITOPUTM  YUC/NEHHOIo peLeHna 3afadun 06 onpegeneHnn
OVHAMUYECKMX — XapaKTepUCTUK  CTPYKTYPHO-HEOAHOPOAHbIX — MPU3MaTUYECKUX  KOHCTPYKLMA,
OCHOBaHHble Ha WNCMNO/b30BaHUN KOM6I/IHaL|,I/II/I MeTo,qa I'IepeMELLIIEHI/IVI n MeTO,CI,a 0pTOFOH&J‘IbHOI7I
nporoHkn C.K. ogyHOBa, [AaHbl OLEHKM MPaKTUYECKOM CXOLUMOCTM W TOYHOCTU METOAWKM W
anropmtma.

Jlutepatypa

1. Manbues B.M. TlpumeHeHne MeToZa MepPeMELeHUn K  aHaim3y  YCTONYMBOCTM
NPMU3MaTUYECKUX KOHCTPYKUMI//YNCNEHHbIE METOAbl B CTPOUTE/IbHOW MexaHuke. Tpygpl
MWWT, Bbin. 630. Mockea: MUNT, 1979, ¢.39—45.

2. Manbues B.IM., MsauyeHkoB B./. TlakeT nporpam pacyéta COCTaBHbIX 060/104eYHbIX
KOHCTPYKUWMIA//KOMNIEKCHBIA pacyéT 34aHniA U COOPYXKeHUn ¢ npumeHeHneM OBM. Kues:
KWCW, 1978. ¢.70—73.

3. KatanbivoBa WN.B., fAraHoB B.M. PacuéT BA3KOynpyrux 060/7104eUYHbIX KOHCTPYKUMIA Ha
cobcTBeHHble KonebaHus. den. BAHNTW. 27.10.84. Ne 7333/8.

4. HraHos B.M., KatasibiMmoBa /1.B. YCcTaHOBMBLUMECS KOMEOAHUA BA3KOYMPYIUX KOHCTPYKLMIA.
“3 0060/104eYHBbIX 3N1eMeHTOB//Te3uncbl [oknafos |1 Bcec. KoHgepeHuun [MonsyvecTb B
KOHCTPYKUWMsAxX. HoBocnbupcek: 1984. ¢ 37.
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OB®IMLBIGIR(O 65RIJIBOL d03RI6d SALIBIR 5653
3MBLB@IIC0IdDI

b. I9O@Ymos, d. kYOG sy, b. nOIgesy®o

(LoJstrmggaoml @gdbogydo 9bogg@Lodgdo, 0175 3. gmlLEsgst 77,
LoJotmggenm, mbdognolo)

@9boxdy:  bBSoBGosdo gosbosarobydaemos . mdogrobdo, 31-9 Jombbol Bg@odm@mos by
o@mbgdaaro doGomowpo s Job Imdoxbogge 55b6moglbadaamo m@Go @sIbds@y bofs@dm
JG39b980L  50baoamo  womgearog@ydol  daogaoe  godmgangboaro  ©9%955930-
@oEagboaros dbowo po@ysbol ybbBE 30960 dsbogrsms dsbsbosmgdangdo, @olb
bogyadager by dgwagboaros  dgbsdsdolbo  gfgobo.  boBdomgdaaro  j5a0959500
9098900l sbsgroboli bogyadagar by, dawggboaros @g,md9b65¢:09506 @5 97604800
9J6390B0bol @©5b 560

bsgg56der bodggg00: 93975950, dbowo @060, 3bs@gdo, 9Gm bos, F0@GM0bmans;0s,
bgg5-30ar0b930, 8o garmgsobgdo.

1. ‘L5390
J wdogooliols 31-g Losgosgom Jo@bobs dgoddbs 1941 Fanol 15 ©g399d9@L. dgm@g
Jbogmoen  mdol  sbsfyoldo  Fopob@maols  ©s  LggolGmdmerol (93@s0bs)  Losgosiom
Jodbbgdo mdoanolido odbs ggs3modgdyao.
ngommb J. mdogobols Ne3l-g  Jodbbol @odgggmol dogd  ULsggargge  Fomdmeygboeno
Lofo®dmm 3m@39Lgdols dgbmdgdo sggdgaos 1960-62 Fargddo. (dgbmdols 3GmgJdol sg@megdo
9360b0s). mG0gbBoi300l  mgomlsb@olbon dgbmds dgoagds m@o darmgobspsb: 1. 3oMggemo
danm3o (doGomoo Lofo@mdmm gm@3yglo Nel) dgoggbogros mmbo bsgggmyg@obogsb bmdgdom
48X72 3, Logdhmm Lopddg L=4X72=288,0 9. 2. dgomgo (0odbdodg Lofo@dmm gm@3yglo Ne2)
dgggbogos bymo bogggmy@ologeb bmdgdom 2X24X60 9. n=4 @Gogro o 2X24X48d. n=1
3omo, Log@Omm boy@ddg L=4X60+48=288,0 9.
Loddgbgoemem  genods@menmaool (36.01.05-08)-0l dmbszgdgdols dobgogom J. mdogolols
50bodbyyao BHg®o@dm@os dgds®gmol bpgol wmbowsb 380 3-by.
5) 056530l Lodgomem Bgd3gGo@g@s -0 ©sb - +20 C-3wy;
3) 0gaoliol Lo@gomm @9d3g@sd s +250 C-wob + 280 C-dpy;
boggerggo mdogddo dgoagds Lodo Losdgdmbogsb:
Lgdiaos ,,0-9-1-49%. —doGomswo Lofo®ddmem 3m@3dybo. dgzoygeo 3§ g9d0 (4 boyggmy®o)
35).
LgJgoo  ,0-6-1-49%.  —sdbdomg  Lofo®ddmm  jm@dyglo. bopygds 537y (5 bsiggmy®o).
50b0dbyao LosdJaml gomyggyer bofoebg dmfymbdoamos Lodsgo.
Lgdoo ,,0-3-1-49%. —sdbdodmg LoFo@dmm 3m@3yglo. boyds 537y (5 bsiggmy®o).
2. 30@00)5R0 65Y0R0
»20% o ,27% g®dgol do@ol (,,0° ©o ,,0° ©@g@dgdol Ty bmbodo  hoba®gymos
05¢og0lL  69B™boll  gogms o  Folby IoFymdogro  dgBmbol  dmdodgs. dgmeg  daomgl
253399 bofoebg dmTymdogro ozl Lodesxo, @Gmdmol gooby®dgabyis o@obodbgds
db0dgbgermgobo aofyemgsbgdols gdbgdo.
©odbdo@g Lofo@mdmm 3m@3ygll ,,0° s ,,a% @gMmdgdby JnFymdogro o4zl dggbgdol Lobom
Lognogo@dg®o  sag@ol  Fymdol  3goegdo.  sbodbya  s9o@gddo  gobmoglgdymos
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5b@Bobgoldyg@o @3obs-dgBmbol Lo®Fygargdo, GMIagdoi @ bobosmpgds wgRmM@ds0gd0m,
do@mgobo obosbgdgdom s Yglodsdolo@ bo@dsgy@d dpamds®gmdsdos.
5b0dbyen LoFo@mdml N2 danmyl (podbdodyg Lofo@dmm 3m@3ylo) ,,0° o 5% @wgdhdgdby
dofymdoamo  odgl  Fomgemo  boddgbgdarm  say@ol  Fymdol  ggoengdo,  @OmIangddoi
2obmogligdyamos B@OSblgm@dodgdoo  bosgBmdmdoanm  kodgdgdo,  gbsbgargergdo
J3900msmgoll @s womdgdo goBMsggdols Lobom. s@bodbyan s90@ols Tymdgddo swobodbgds
JoM0M S S 3903035090 0®09b@>300l dbomgdo, >@Imbyg®ygao bogmgdols
bgdmJdgogdom  gOHmbodgdoymo s obgliBosbgdyemo  ¢bbgdo.  god®ogol  Lgiogdosbo
BobxMgdo 6930 seyombg had@g®ggeos.
d9-2 dgomygdo (odbdodyg Lofo®ddmm 3m@3y9lLo) ,,0° ©s 5% ®gddgdby dmFymdoanos
2009 Mool gOHnms@mosbo  sboi®gdo  M30bo-09Bmbols  LggBgoo, bmenm 8¢ @g@dby
dofymdoamos  dgs  @ogols m@0s@M0sbo  obogMgdo  30bs-dgBmbol  ggBgdo. swbodbyemo
LggBgdol  bgos bodbymgdby sobodbgds  obglE0sbgdol  ggoeo. o3 ULggBgdby o@
30dLoMEgds dognmgobo IBMOIS(30900 s dbo@mgdo.
dg-2 demy3do (odbdodyg  Lofo®ddmm  3m@3yglo) ,,0° @gddol  bmbsdo  dmTymdogros
SbBOgbmaols  gmblgeyaos, Gmdgmoi goagds oSbsimgdo  @3obs-d9@Bmbol, Uggdgdols,
30%g00l s 0bogo Aobmagbgoygmo doesbydgol Fodmgobo gomgbdolspsb.
dg-2 deomydo ,,0%, ,,0° o La° @gMdgdbg os@lgdymo Lgg@gdol Isgzogd0Mgdmaw  bgws
b0dbyangdby  dmTymdognos  3m@ogmbsgyg®o  Jobosbymmdol @ gobs-ogBmbols  §odF g9d0.
o>0bodbyao [odfggd0 Fobolifo® ododygao Godolos. 83 jmblE®ydcogdby @ swobodbyds
doamgobo  ©gnm®Is30900 s  dboMgdo.  [odfggd0l Fobofod  wodsdgem  s®Jo@gdgdols
boanygan  s6m@mgdgdbyg  gobyomydom  omobodbgds  gm@mboolomgol wsdsbslbosmgdgero
603dbgdo, @53  obdoMmdgdygmos  Labydogol  dg@yamol  9Fglogdmdgdol  godm. sbggg
50b0dbyao @sdmenmgdgdo womhgbogo ogm @os go@gdmdo, dgdgBmbgdols yomgdy.
50b0dbyan Lofo®dmdo bopyds »3Fg9d0l dmd@smdols 9bOybgganlogmagsw dmTymdogos
537 J39ds @3060-69B™Mbols gmdgdo. obobo @ bobosmegdosh dogrmgebo ©gnm®Isizogdom ©s
dbo@gbom. dom 9dbgdbyg >@obodbgds wobgliBosbgdols jgseo.
dg-2 danm3do >0 gdyyao 3@ 0 mbsgu@o dobsbygammdols 9§ 99000
do353d0@gd@ gden s 2>dmygbgogmos  gmmowols  gangdgbGgdo. domdg 5@  s@0bodbgds
doamgobo  ©gRmM®Is309d0 s Sbo@gdo.  bgsdn®gdby  s@gbodbgbom  3m@mboolsmgols
sdsbslosmgdgeno bodbgdo.
©odbdodg  Lofo®dmm  3m@3ygll  ,,0° ©s L3¢ ©g@dgdoby  (dbmerem  bodbyagdbyg)
JoFymdoamo o4zl Logogo@ydo sagcols Fymdol 3o®@bobo, @mdmols bgos bodbyegdbyi
2obmogligdyamo  ofgl  bymo  oggdo  @ogol  Lodoswanol  wodmenmgds.  s@bodbyaro
30bLAOYJ30s  bobosmpgds  asdmgod o  gOmbodgdygmo s hedmIaomo  ydbgdoom.
50bodbyao  godgolol ggdE0gomy®  bgosdo®gdowsb sddgBomos wodego  GYdgdmo©ols
39bs, @Mdgols I300g BOoxdgbBgoos dgdm@hgbogoo.
>0b0dbya  3@3ygLlL ,,1¢ ©s ,49% ©9@Mdgdby Fobowy®d gge@gdsdpg bmbs dggligdeeo
odglb  bol  gegdgbBgoom,  GmAmgdboz  godgdml  bgdmdgogdowsb  asdmdobady,
5bglR0obgdymo s MmdoMgdyeos.
sdbdodyg  Lofo®dmm  jmd3dygll  aoeby@dgols  sbogdgdo  @3obs-dg@mbols  Fodmgsbo
goggbol  bgos  b0odbyangdby  Jmfymbomo  ofgl  @odomdybgdgamo  ggbs,  @®I@ols
bgdmsbsi Fargdol gobdoganmdsdo Lbgswslbbgs ©@ml dmfymdogo 53l @gdgdmomols
Lbsdo  ggbs, dobo  bgosdodgdo  bobosmpgds sdm@gboano  dbgdom, gsobdMgggdyemo s
9Ombodgdgemo  bmbgdom, Loowsbsi  0bBgMoog@®do  hogmbogro  ao®gdmesb  dmbiygaro
boangdgdol  ggoeo  gobygogyde  d3ggm@se  sobsbgds gowsby@gol Fodmgsbo goggdols
J3g0s bgwsdo®gdby.
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. _______________________________________________________________________________________________7
0ol ggbsdo dmFymdogros Fysas@obgdomo LolGgdol dod®gdo, @GmIagdlsE oy
50 gdbg dmddgomo o3l @ommbols dopols 3300y boyg®gdo.
dJo@omse Lofo®dmm gm@3gbdo .9 ©s ,0° gsdmygbgdbymos obogMgdo, asobd@mgdosbo
@3065-09Bmbols Jmogo®o  Lgg@gdo. 2obdBmgdgddo, 390R0 oYM  aobmogligdyeos @32-

05bo 39Ts 5sI5F M gb0. Logogdol Lobom, godmygbgdyaos @12-0560 s@ds@y@gdo, doxom
15-201:9.

L3gdgool aobdBmgdgdol dgdogdmgdgar  gangdgb@Bgddo godmygbgdyaos @14-0560 Iy9ds
>MdoGy@gdo.  Logowgdol Loboo  dmfymdoamos @10-00bo  s®Is@yg@gdo, doxom 10-12 3.
5>0bodbygao  dodoGmymgdomn  3gaggs  gobbm®@Eogmes  O®g930  3mbGGmaol  dgmmwols

20dmY49bgb00. Jomgdbyano dmbszgdgdo dmygsboaos 3bGogn Nel-Jo. gbGogno Nel
9560 3bLEOYJgool B%{]T]F’%Z]EQ sbomgaols ‘b(;)a/(zéz
oliobgangds JOYEROobO ‘dglodsdolo dd ‘dgbodgbs
PFOER0 50d@. 93s
1 2 3 4 5 6 7
bmbs ,,9-10-1-49 Ligg®gdo:
[ — , 1 255 24 245
2 J— ., ,0-4 26,6 25 255
Y T — ., W 7T 21,7 26 265
4 J— ., ,0-10° 25,5 24 245
5 — ) 13 244 23 235
6 J ., 00-16 26 24,5 250
7 N 5 »g-19 27 25,5 260
8 J— ., 022 24,9 23,5 240
9 J— ., 5925 25,5 24 245
10 J— ., ,,0-28% 26,6 25 255
1 S —— ., »g-31 26,6 25 255
12 S 5 ,,0-34% 27 25,5 260
13 JE— N 5937 27 25,5 260
14 S —— N 0-40% 26,6 25 255
15 J— ., 43 26,6 25 255
16 JE——— ., ,0-46% 255 24 245
17 JE— N 49 249 23,5 240

Foddmpagboer  gbdoen  Nel-do  mommgyen  bggBowsb  sgdygmos  smo  Gg3gaEo
Tgo@ogols 3609gbgarmds, dmdgemms Lodygogem dmbsigdo Fo@mdmowagbls mommgeyan

3M095do  badygosam  360dgbgenmdgdl. s@bodbyeo  gg@Gogomgdo  3mblE®ydicogdolsmgols
©0535bMmbo  0gengds 235 3ad/bd2ob 265 4ad/ld-dmg,  owbo@bymo  360Tg69emdgdo
bobosmegds  dJmbogdms  ¢3b0dgbganm  aodbggom, @o3  dogmomgdl  dgBmbol  goJ@g@ols
Lo 3do®ol gemygommgbgdsby.

L %mbs ,,g-©-1-2%F0, (,1“0g@dnsb gogs Ne3) @g3g@ggmo  [gO@omgdoesb  dowgdymmo

d9098900 ob. 3bGoen Ne2-To. b@ogno N2
N 1 2 3 4 5 6 7 8 9 10
Vi, +85 +105 +115 +110 +120 +125 +120 +130 +125 +115
Visd= +115 3. (FTOCT 13819 — 68)

amam®3  gbGoamol  3mFgbgosgms  Lbgomdol  dmbsigdgbowsb  hsbl  gnommbols
dJomomgdygee  ga9dgbBby  aobgoms@gdygmos LAY JHydgmo  gobags.  VIsd=+115d3.
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db0dgbgermds 55 gOhmgymon  sgds@gds  bgosdodygmo  gobagol  sliodggd  @oo3sbmbl.
(olodggd0 ©0835bmbos 0-sb +60 d3-dwy)

3m@gbgosmms Lbgomdol @owgdomo dohggbgdgero d0gmomgdl CuSOs-0m  aobgomsdgdeyyan
LAOYJA O gobygody, o3 gobdo@mdgdymos  SAINLY HYmo  bsangdgdol  Fengdols
dobdognbyg 0bGg®og@do hogmbgol godm.

2. bmbs ,,9-00-1-2%-Jo, (,1“0g@dmsb  gogos Ne6) @g3g@gmo  Fg@OFomgdowsb  dowgdymo

d9098900 ob. 3b@ogn Ne3-o. gbGogno N3
N 1 2 3 4 5 6 7 8 9 10
Vi, +90 +105 +115 +112 +118 +125 +120 +130 +125 +117
Visd= +116 93 (TOCT 13819 — 68)

Amamai3  3b®ogols  3m@gbiosgms  Lbgomdols  dmbogdgdowsb  hobl  gmommbols
Jomomgdygee  gengdgbBbg  gobgoms@gdagmmos  LE®YJPH gt gmo  gobygs. VUisd= +116  d3.
d60dgbgermds 56  ghmgymon  sgds@gds  bgosdodygmo  gobagol  olodggd  ©@0o35bmbL.
(ols5dggd0 ©0835bmbos 0-sb +60 d3-dwy)

3m@gbgosmms Lbgomdol wowgdomo dohggbgdgero d0gmomgdl CuSOs-0m  aobgomodgdeyyan
LA®YJAOge  gobygodbyg, @o3  gobdo@mdbdgdymos  sBINLBIOHYmo  boangdgdols  Fangdols
dobdognby 0bGg®og@do hogmbgol godm.

3. bmbs ,,g-©-1-2%F0, (2“@g@dmsb goams Nel) @g93g@ggao  FgOFomgdowsb  dowgdymo

9092900 ob. 3bGoan Ned-Jo. agbGogno N4
N 1 2 3 4 5 6 7 8 9 10
Vi, +95 +125 +115 +112 +118 +125 +123 +130 +125 +118
Visd= +119 83. ( FOCT 13819 — 68)

Amamei3  3b®ogols  3m@gbiosgms  Lbgomdols  dmbogdgdowsb  hobl  gmommbols
Jomomgdygm g gdgbBbg  gobgoms@mgdagmos  LEA®YJH gt gmo  gobygs. Vbsd= +119 d3.
db0dgbgermds 59 g@Omgnmom  smgdo@gos  bgpsdodymo  gobagol  ©olisdggd  0s3sbmbl.
(051593900 ©os35bMbos 0-sb +60 dg-dwyg)

3m@gbgosmms Lbgomdol wowgdomo dohggbgdgero d0gmomgdl CuSOs-0m  aobgomsdgdeyan
LAOYJA O gobygodyg, @o3  gobdo@mmdbdgdymos  sEIMLBgOYmo  boangdgdol  Fergdols
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SUMMARIES

Gigineishvili D. |., Matsaberidze T., Tkachenko T.N., Voloshkina E.S. Scientific-technical journal “BUILDING”
#4(39), 2015. SOME FEATURES OF REINFORCEMENT DAMAGED BUNK RETAINING WALLS WITH
TAKING INTO ACCOUNT BEHAVIOR OF SUBGRADE

The article presents an analysis of errors made at design and erection of two-tier retaining walls. On the basis of the
application of computer modeling, calculation and analysis of mode of deformation of structural systems, calculation of
slope stability with taking into account of existing retaining walls, are made design solutions of reinforcement and
recommendations for keeping and carrying out of complex structure existing retaining walls function without
deformation, damage or without any other complications for along period of operation. It is also recommended to apply
abiological method for slope stabilization, based on the three-level transplanting of specialized plants.

A. Phrangishvili, Z. Tsikhelashvili, |1. Kadaria, N. Chkheidze, P. Giorgadze. ON-SHORE RECREATIONAL
PROTECTION FLOATING-STORM WEAKENING WATERWORKS. Scientific-technical journal
“BUILDING” #4(39), 2015.

Is developed a new form of floating protection storm weakening hydraulic structure’s link complex option that is
designed for the protection of coastal recreational waters and open ports from storm waves. According designed
innovative project makes certain duty and viability coasta towns to the rehabilitation and spatia perspective
construction in international destination open ports and coast and recreational zones. As well as the ecological and
preventive recommendations for these objects (unimpeded functioning of drain in storm conditions, improvement of
recreational- comfortable level of tourists and so on), which is especially relevant and timely today. In addition, in the
first place, it is appropriate to coastal resort-recreational zone in adjacent of Batumi city Boulevard by selecting
implementation of the pilot-test innovative project.

Sh.Bakanidze, B. Surguladze, K. lashvili. FAVORABLE TECHNOLOGICAL SOLUTION OF TRADITIONAL
ANTI-LANDSLIDE RETAINING WALLS. Scientific-technical journal “BUILDING” #4(39), 2015.

Are considered several types of traditional anti-landslide retaining walls. Based on results of their structural analysisis
carried out calculation of technical and economic characteristics. s revealed favorable technological solution.

M. Grdzelishvili, O. Giorgobiani, A. Kopaliani. USING AMBIENT AIR FOR HEAT OF BUILDINGS.
Scientific-technical journal “BUILDING” #4(39), 2015.

In the article is considered the issue of replacement of operating on fossil fuel buildings heating, hot-water supply and
air conditioning systems with air heat pump items. This installations as source of prime heat apply the ambient air of
temperature within range of +10+—20°C and effectively heats the building with high indicators of safety and
environmental characteristics.

The air heat pump is possible to be used in arbitrary volume buildings, their installation and service is easy.

The replacements of operating on natural gas heat generator by heat pump will improve the environment provides
energy independence of consumers, while in areas where natural gas is not supplied will be excluded problem of
consumer’s supply by fire-wood or other fuel.

L. Kakhiani, L. Balanchivadze, K. lashvili. How to extend elements of reinforced concrete buildings built and
oper ational terms bzar medegoba. Scientific-technical journal “BUILDING” #4(39), 2015.

In the article are considered the results of scientific studies of extension of crack resistance and durability constructed
from reinforced concrete structures. Their application methods and issues of safe operation of buildings.

A. Lagidze The legidative framework of Preservation and development of planting and recreational landscapes
of Thilis city. Scientific-technical journal “BUILDING” #4(39), 2015.

The article presents development process for urban construction of Thilis and Its recreational landscape If park
Infrastructure Development. Given at present, the existing legal framework: A general character principles of the norm
of the laws and their subordinate normative acts.

R. Tskhvedadze, Z. Madzagua, D. Tabatadze, D. Jankarashvili. ANALY SIS OF BRIDGE-LIKE STRUCTURE
WITH CONSIDERATION OF CONCRETE CREEP DEFORMATION. Scientific-technical journal
“BUILDING” #4(39), 2015.

In the paper is presented the calculation of bridge-like reinforced concrete structures on action of uniformly distributed
loadings with taking into account the concrete creep deformation. Is considered the ssimplest bridge-like structure with
one intermediate pier. The consideration of creep deformation is carried out by creep aging theory, which better
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describes the process in the reinforced concrete structures. At load of structure is not changed the time shape of
building.

M. Moistsrapishvili, L. Andguladze. IMPACT OF ENVIRONMENT ON RAIL TRANSPORT SAFETY
TRAFFIc. Scientific-technical journal “BUILDING” #4(39), 2015.

In the article is considered the impact of environment on rail transport safe, smooth and continuous traffic, as one of the
important factors, on that in Georgia does not attract enough attention. It is noted that due environmental impact railway
departments activity is slowing down, stopping (rejection) in range up to 17% and in case of their neglecting is
increasing probability of anthropogenic disaster, which is resulted in the majority of cases, in addition to considerable
material damage would occur very large scale instant contamination of the environment. in the article are proposed
measures to be implemented in railway transport enterprises structures.

R. Imedadze, T. Magradze. PROBLEMS OF WATER RESERVOIR CONTAMINATION PROTECTION.
Scientific-technical journal “BUILDING” #4(39), 2015.

By authors in the paper are considered the problems of water reservoirs and water recourses contamination protection.
The authors take into account the experience of world leading countries and offer their opinions for this issue solution
in Georgia.

The solution of these issues are very important for the country that contributes to the improvement of environmental
problems as well as flora, fauna, and condemns all environmental improvement. The authors shows the ways of these
issues solutions and proposes, what means should be used to obtain required funds: regional funding, central funding,
financial inclusion of industrial enterprises and interested persons and others.

The authors focused on the idea of organizations taxing in case of reservoirs contamination, in that will be considered
of the quantity of water discharged by enterprises into the water reservoirs and level of contamination. The authors also
believe that should be defined the dirt water discharge place in waste reservoirs and be given permanent control of
water pollution levels.

By authors in the article are shown in table form list of Georgia natural reservoirs, which is very important for keeping
clean. For this will be considered offered by the authors proposals and conclusions.

Kh. Iremashvili', G. Berdzenashvili', G. Jinjikhashviliz. ONE-DIMENSIONAL (1D) NUMERICAL
MODELING OF CAUSED BY MUDFLOW IN HAVING COMPLEX TERRAIN WATER RESERVOIR
WAVES ORIGINATION PROCESS. Scientific-technical journal “BUILDING” #4(39), 2015.

In the article is considered that a shallow water movement one-dimensional (1D) simultaneous equations finite-
difference numerical solution methods and are proposed prediction of caused by mudflow extreme waves, taking into
account the real terrain, for narrow shallow mountain reservoirs.

|.Kvaraia, T.Dvalishvili, Sh.Kanchashvili.Simple Moving hubs concrete mold systems during construction.
Scientific-technical journal “BUILDING” #4(39), 2015.

The article discusses the necessity of relaying nodes while designing complex reinforced concrete systems and provides
some examples of their structural solutions.

E. Abramidze, El. Abramidze, A. Kublashvili, V. Chankotadze. NUMERICAL SOLUTION OF LAYERED
MEMBRANES DEFORMATION TASKS BASED ON DIFFERENT NONLINEAR THEORIES. Scientific-
technical journal “BUILDING” #4(39), 2015.

At study of layered membranes nonlinear deformation tasks and their further numerical implementation are applied
based on Kirchoff-Liave and polygonal hypotheses nonlinear theories. For numerical implementation of the mentioned
tasks class, based on the above theories, are obtained nonlinear systems of layered shells non-linear deformation tasks
decisive differential equations. Is stated particular example of layered membrane deformation. The numerical solution
of this example, based on the above-mentioned theories is carried out due non-linear differential equations numerical
realization. Based on the obtained numerical results and relevant analysis are made certain conclusions, also are studied
the caused by influence of boundary conditions changing on shell’s mode of deformation.

G. Chokhonelidze, I. Mshvidobadze, G. Lutidze DETERMINATION OF GROUND CONVENTIONAL
RESISTANCE BY STRENGTH INDICATORS. Scientific-technical journal “BUILDING” #4(39), 2015.

At present, in construction norms SN 02.01.08 determination of R, - ground conditional resistance is carried out by
ratio of soil porosity and flow indicators. We are introducing this proposal, to determine the R, by such direct
characteristics of the soil strength, as: soil internal friction angle - ¢ and specific cohesion — C.

T. Papuashvili, M. Sulamanidze. ASSESSMENT OF FATIGUE DURABILITY OF ASPHALT CONCRETE
CARPETSIN REAL CONDITIONS OF OPERATION. Scientific-technical journal “BUILDING” #4(39), 2015.
In conditions of modern high-speed intense movement the asphalt carpet undergoes the vehicles multi-cycle impact that
has the dynamic nature and is considered as one of major factor to reduce and damage of road carpets and transport-
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operating state. It is known that asphalt damage under the influence of multiple loads is caused by fatigue processes, i.e.
origination and accumulation of micro-defects, with gradually reducing the strength on time.

R. Kakhidze, M. Vazagashvili. ALGORITHM FOR AMPLITUDE-FREQUENCY CHARACTERISTICbI OF
HETEROGENEOUSPRISMATIC STRUCTURES. Scientific-technical journal “BUILDING” #4(39), 2015.

Is stated the description of software complex structure for determination of dynamical characteristics of structurally
inhomogeneous prismatic structures, modes of their behavior.

N. Murgulia, B. Churchélauri, Z. Churchelauri. IMPACT OF HAVING VARIABLE DISCHARGE OF
GROUND WATER ON EXISTING PRE-FABRICATED STRUCTURES. Scientific-technical journal
“BUILDING” #4(39), 2015.

In the article are analyzed the revealed as result of observation of existing on territory of 31-th plant in Thilis main and
located in the adjacent area two utility industrial buildings. Are determined the characteristics of materials of load
bearing frame structure, grounded on that is compiled relevant register. Based on the analysis of research results are
made recommendations and technical expertise conclusion.

M. Chanturia, G. Nozadze. CALCULATION OF WORKING ON BENDING DEFORMATION COMPOSITE
CROSS-SECTION STRUCTURES ON DURABLE DEFORMATIONS. Scientific-technical journal
“BUILDING” #4(39), 2015.

In the paper is considered method of direct calculation of stresses with taking into account development of creep
deformation. Due observations of world economic processes is clear that the construction industry is experiencing the
most rapid progress. Especially is developed high-rise buildings, in that dominate the lightweight structures. In these
types of buildings are often applied composite cross-section structures, in that are jointly working reinforced concrete
and steel, having different characteristics reinforced concrete and so on. In composite cross-section structures the
concrete creep limit is possible to vary in the range from -30% up to - 45%, corresponding possible deviations of Kk,
ratio from - 45% up to - +45%, and to possible deviations of k, corresponds possible deviations of stresses from - 18 up
to + 18%.

N. Laghidze. Selective Socio-economic Resear ch of the mountainousregions of East Geor gia. Scientific-technical
journal “BUILDING” #4(39), 2015.

The article presents purposeful organize expeditions in the mountainous regions of East Georgia, The expedition was

conducted in June-August 2015. The main objective of the expedition: Functional planning connections of Regional
Community of mountainous regions of East Georgia; Living conditions of the population; Road construction; Historic
monuments; The hearth of the Cultural Heritage and Introducing and grades at the unique landscape, Ecosystems
Biodiversity of the mountainous regions of East Georgia.

Sh. Bakanidze, B. Surguladze, K. lashvili. PROVIDING OF NATURAL SLOPES STABILITY WITH
GROUND ANCHOR REINFORCED CONCRETE RETAINING WALLS. Scientific-technical journal
“BUILDING” #4(39), 2015.

Are considered two variants of arrangement in providing the natural slopes stability in reinforced concrete retaining
walls with ground anchors: in one-tier in the upper part of the retaining wall and in 2-tier, with anchors arrangement in
the upper part of the wall as well as with their fixing in the foundation. Based on technical and economic calculationsis
revealed the favorable design solution.

L. Balanchivadze, B. Mebagishvili. ANAKLIA - A NEW DIRECTION IN DESIGN OF ARRANGED ON
WATER BUILDINGS. Scientific-technical journal “BUILDING” #4(39), 2015.
In the paper are considered features of construction of new building, including in water and water surface in Anaklia,
Georgia, port area and coastline infrastructure projects. |Is related with major priorities in construction activities and
spatial planning: arrangement of inhabited and uninhabited areas, creation of preconditions for equal economic, infrastructure,
social, environmental and cultural development. Also, the maintenance and development of recreational areas.
E. Tsverava. RESEARCH OF TEA MASS MOTION PROCESS. Scientific-technical journal “BUILDING”
#4(39), 2015.
Tealeaf withering is complex biological process. For obtaining of final quality of the product the major determinantsis
presented by the quantity of tea rough and hardened fractions that leads to a reduction of capability of withering
aggregate up to 20-30% and inequality increase of tealeaf withering. Therefore, the paper provides searching of such
method for tea mass thermal treatment, when at intensification of the withering process is obtained uniformly withered
tea mass. For solution of mentioned tasks are determined optimal parameters of tea mass motion and height of the layer
and were conducted experiments on the tea average weight sample.
B. Tsulukidze, M. Grdzelishvili, G. Zurabiani. SINGLE-DOME DEEP BEDDING UNDERGROUND
STATIONS. <ientific-technical journal “BUILDING” #4(39), 2015.
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In the article is stated that in construction of the Thilisi city underground new line will be realized many innovations
and advanced structural and technological solution. Is stated a system vision on tunneling system in science and
technology development.

T. Papuashvili, V. Jghamaia, G. Chubinidze. STRENGTHENING OF ROAD DRESS CONSTRUCTION WITH
COLD RECYCLING METHOD. Scientific-technical journal “BUILDING” #4(39), 2015.

A given work includes the methodological measures, based on the cold recycling, for increasing the physical-mechanical
features of design layers of the road dress construction.

The research describes the technological process of the cold recycling and the modern |aboratory testing methods of used
construction materials. To determine the optimal humidity and maximal density of recycled mix is used the newest laboratory
equipment — "CBR Proctor”. In-parallel is reviewed the determination of compression ratio of strengthened by recycled mix
pavement, by the means of "Balloon equipment*.

G. Kiknadze, T. Tabatadze. PROPEDEUTICS ISSUES OF FRACTAL ARCHITECTURE. Scientific-technical
journal “BUILDING” #4(39), 2015.

To understand the Fractal structure principle of the universe currently deeply is involved in many areas, including
the formation of architect-construction object external view as well as in arrangement of its internal structure. The
recognition of the importance of subconscious role with directed from the empirical to theoretical generalization
vector — will be serve to the scientists turn toward to practice of all methodical training programs. These should be
based on the principles of fractal architectural propedeutics.

|.Kvaraia. Technological solutionsto the problems arouse during groundwater enforcement. Scientific-technical
journal “BUILDING” #4(39), 2015.

The article discusses technological solutions to the problems arouse during groundwater enforcement. The process is
especialy difficult after a certain part of the construction is already fulfilled, when the construction technology and
project documentations are changed, and construction budget and deadlines increase.

A.Akhvlediani, A. gogoladze, G. akhvlediani. Modern wind energy technology level. Scientific-technical journal
“BUILDING” #4(39), 2015.

Wind Energy has made remark kableprogress in 2000-2015 years, specifically when electricity price eurocents / kwWh
decreased from 35.0 to 6.0 eurocent and specific investment euro/ k Wchanged from 5000 to 1000, this allows us to
conclude, that winden ergynow compete with traditional energy.

A. Sakvarelidze. Cement based composites defermation and strain connection depicted, materials creep nucleus
and amongst connection. Scientific-technical journal “BUILDING” #4(39), 2015.

Cement based composites deformation and strain connection depicted. Various materials creep nucleus (stress-tension,
share and volume) and amongst connection formulas defined.

M. Chanturia, N. Khomeriki. CABLE-BRACED BRIDGE STIFFNESS BEAM CALCULATION WITH
TAKING INTO ACCOUNT COMPLIANCE OF CABLES. <cientific-technical journal “BUILDING” #4(39),
2015.

Let’s give the main prerequisites for the formulation of essence of issue. Timbers due its precious properties are natural
polymeric material. It is characterized by small volume mass (density), high relative strength, small heat expansion
coefficient, small thermal conductivity ratio (400 times less in comparison with brick and reinforced concrete), resistance
against chemical agents, good nailing, easy processing, production and transportation, unhamperedexploitation, possibilityof
receiving of any size cross-section by small size elements due connecting through the glue and so on.

The tendency for keeping of new construction qualities and reducing of the negative characteristics impact of the tendency is
one of the main directions of modern construction. Besides, related to nature protection and requirements of environmental
improvement very sharply posed the question of timber economically application. Responds to solving these problems is in
scientific circles to create the rational buildings structures, in which will be effectively utilized timber. For such structures are
belonging glued wood, composition and reinforced wooden structures.

Composition and reinforced wooden structures are still less investigated, but on the basis of research has been conducted on is
defined that they can play great roleby point of view to develop the rational, high-effective and economic structures.

C. Berdzenashvili*, Kh. Iremashvili’, G. Jinjikhashviliz TWO-DIMENSIONAL (2D) NUMERICAL
MODELING OF MUDFLOW IN HAVING INCLINED BOTTOM DEEP WATER RESERVOIR. Scientific-
technical journal “BUILDING” #4(39), 2015.

In the article is considered two-dimensional (2D) numerical solutions of potential movement by finite-difference,
operator, implicit iterative form and is proposed method for forecasting resulting due mudflow extreme waves for
having inlined bottom a narrow and deep mountain water reservoirs.
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